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Abstract
We construct four dimensional three generation non-supersymmetric SU(3)c× SU(2)L×
U(1)Y intersecting D6-brane models with νR’s. At three stacks we find exactly the MSSM
chiral fermion matter spectrum. At 4-, 5-stacks we find models with the massless fermion
spectrum of the N=1 Standard Model and massive exotic non-chiral matter; these models
flow also to only the SM. At 8-stacks we find MSSM-like models, with minimal massless
exotics, made from two different N=1 sectors. Exotic triplet masses put a lower bound on
the string scale of 2.79/2.89×106 GeV for a Higgs 124/126 GeV. It’s the first appearance
of N=0 stringy quivers with the MSSM and matter in antisymmetric representations and
perturbatively missing Yukawa couplings. The present models are based on orientifolds
of T6/(Z3 × Z3) compactifications of IIA theory based on the torus lattice AAA; all
complex moduli are fixed by the orbifold symmetry. We also present the spectrum rules
+ GS anomaly cancellation for the ABB lattice. Moreover, we point out the relevance
of intersecting/and present D6-brane constructions on ideas related to existence of split
supersymmetry in nature. In this context we present non-susy models with only the
SM-matter and also MSSM-matter dominated models, with massive gauginos and light
higgsinos, that achieve the correct supersymmetric GUT value for the Weinberg angle
sin2θ = 3
8
at a string scale 5 ·1013 GeV < MS < 1.4 ·1017 GeV. It appears that if only the
SM survives at low energy the unification scale is preserved at 5.03× 1013 GeV when nH
=1, 3, 6. These models support the existence of split supersymmetry scenario in string
theory.
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1 Introduction
Model building constructions (MBC’s) in the context of string theory have by far been
explored both into the context of open string and heterotic string compactifications
where a number of semirealistic have been explored and analyzed [1]. In the absence of
a dynamical principle for selecting a particular string vacuum and simultaneously fix
all moduli, the standard lore is to systematically analyze on phenomenological grounds
the different string compactifications and trying to derive a miminal supersymmetric
vaccum that may contain the Minimal Supersymmetric Standard Model (MSSM) if
possible in the presence of a few exotics. Moreover, over the last few years, MBC’s
coming from intersecting 1 branes (IB’s) [2]- [42] have received a lot of attention as it
become possible to construct - for the first time in string theory - non-supersymmetric
(non-susy) four dimensional (4D) vacua with only the SM at low energy using intersect-
ing D6-branes [10], [11], [12], [14] from 4D toroidal orientifolds of type IIA. For other
attempts to derive the SM from string theory see [15]. In this regard, vacua based
on non-SUSY Pati-Salam GUT constructions (with a stable proton), which break to
the SM at low energy, giving masses to all exotics, have been also constructed and
analyzed [13]. All the above models have vanishing RR tadpoles and uncancelled NS-
NS tadpoles (coming from the closed string sector), the latter acting as an effective
cosmological constant [6]. On phenomenological grounds the string scale may be at
the TeV; however as the D6-branes wrap the whole of internal space and there are no
dimensions transverse to all branes, the presence of a TeV scale cannot be explained
according to the AADD mechanism [18].
Nevertheless, we note that intersecting brane worlds accommodate nicely the AADD
[18] solution to the gauge hierarchy problem by providing us with the only known
string realization in these backgrounds. Non-supersymmetric semirealistic GUTS in
Z3 orientifolds of interesting branes have been also analyzed for SU(5) [6]. Flipped
SU(5) GUTS were constructed [7] and the existence of appropriate Higgses necessary
for the correct electroweak breaking to the SM at low energy and the doublet-triplet
splitting mechanism has been shown [22]. The SU(5)/flipped SU(5) models are missing
1We note that constructions with D6-branes intersecting at angles are T-dual to constructions with
magnetic deformations [3, 4], even though intersecting D-brane models has not yet been shown to be
reproducible by the MD side.
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perturbatively the up/down quark couplings 2
Moreover, the construction of vacua which have only the MSSM at low energies,
has been also studied using either N=1 supersymmetric models or N=0 models that
localize in part of their spectrum the MSSM. In the latter case, the MSSM is localized as
part of the non-supersymmetric open string spectrum where particles respect different
N=1 supersymmetries [24,25] or where each particle of the MSSM preserves the same
N=1 susy and the rest of the spectrum a different N=1 susy [20,26] In the former case,
N=1 semirealistic supersymmetric vacua based on intersecting D6-branes has also been
explored in four dimensional orientifolds of type IIA on T6/Z2 × Z2 [9], T6/Z4 [31],
T6/Z2 × Z4 [32], and T6/Z6 [33], Z12-II [34] and also N=1 GUT constructions have
been analyzed [9]. The main characteristics of these models is that not all complex
structure moduli are fixed and part of their spectrum includes those of the N=1 SM
(MSSM) in addition to extra massless chiral exotics [9], [33] or massless non-chiral
exotics [31] [We also note that there are model building attempts from orientifolds of
Gepner constructions where also the N=1 SM, with three pairs of Hu, Hd MSSM Higgs
multiplets, was found but in the presence of extra massless non-chiral exotics [43].]
While supersymmetric models have no gauge hierarchy problem and are stable vacua
as they do not have RR & NSNS tadpoles, we we will focus our attention to the MBC
of non-supersymmetric models on 4D Z3×Z3 IIA orientifolds [27] for several reasons.
First of all, the satisfaction RR tadpoles and Green-Schwarz anomaly cancellation
mechanism cancels all gauge anomalies . Flavour changing neutral currents that could
be a problem in low scale models ∼ 102 TeV [38] may be avoided as the scale of the
models we study is at least 1013 GeV and higher. There is no sign of any supersymmetry
after the present 7 TeV run of LHC. At present there is no hint from squarks and gluinos
below 1 TeV from their R-parity channels in the MSSM. Unification of of the three
gauge couplings constants works fine in the MSSM and does not work in the SM. In
the context of intersecting branes [52], two of the gauge couplings unify, in a general
N=1 supersymmetric model. Non-supersymmetric unification that we will study in
this paper, is an open question. Complex moduli which can generate tadpoles are
absent and the corresponding tadpoles vanish in the present models. Thus the effect
of the orbifold symmetries in the present models that fix complex structure moduli,
is equivalent to the effects we achieve, by turning on arbitrary fluxes on three-cycles
invariant under the discrete symmetry [60]. Alternatively, one is using IIB to fix
2For some attempts to derive the SM with quivers that are missing certain perturbative couplings
but not based in a global string construction see [46].
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moduli [61]. Only the dilaton has a only non-vanishing tadpole, which could cause
an instability. However, this problem is unsolved and it is possible that the vacua
re-adjust themselves so that the true vacuum is reached when all orders are taken into
account in perturbation theory [29].
The purpose of this paper is to discuss the appearance of N=0 supersymmetric
models that break to only the SM either without any exotics being present or with
a minimal number of chiral 3 massive exotics [three (3) vector pairs]. These models
are based on four dimensional type IIA orientifolds on T6/Z3 × Z3 with D6-branes
intersecting at angles [27]. In the N=0 intersecting D6-brane models presented in this
work there are several interesting features :
a) Models which achieve the successful GUT result for the Weinberg angle, sin2θ = 3/8
are presented. b) at the level of 3-stacks, we find models which break to only the SM
at low energy. We also find non-susy models - at 3- and 5-stacks - with the chiral
spectrum of the N=1 SM (with νR’s) in the presence of three pairs of MSSM Higgsinos
Hu, Hd in addition to massive non-chiral exotics which again break to the SM at low
energies. A comment is in order. In this work when we will speak about the SM,
we will keep in mind that in all models there is no mass term for the up-quarks [The
same effect persists in the models of [6,67]]. Instantons oud be recalled to generate the
masses [48, 49].
Recently the split supersymmetry scenario (SS) was proposed [50]. In this respect we
propose intersecting D-brane models that provide evidence for a natural realization
of the SS scenario in intersecting D-brane models as they satisfy most of the relevant
criteria required by the SS existence.
The outline of the paper is as follows. In chapter 2, we will present the key features
of the T6/Z3 × Z3 constructions, including the gauge group structure and spectrum
rules. The details of the construction for the AAA, AAB, BBB lattice have been
presented in a companion paper [27]. In chapter 3, we discuss N=0 three generation
(3G) non-supersymmetric SM’s with the fermion spectrum of the N=1 SM and extra
non-chiral massive SU(3) triplet exotics. Higgsinos get massive and the models break
to the SM at low energy. In chapter 4 we also discuss the deformation of these N=0 3G
models to other N=0 3G models which have only the SM the low energy without any
exotics being present. In chapter 5, we examine whether or not it is possible to construct
N=0 models by using 4-stacks of D6’s. In chapter 6 we present more possibilities for
constructing N=0 3G models by using five stacks of intersecting D6-branes. Here it
3We do not present non-chiral exotics that are coming from vanishing intersections.
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is also possible to construct N=0 vacua with only the SM at low energy and extra
non-chiral massive exotics. In chapter 7 we construct N=0 eight stack models with the
N=1 SM fermionic spectrum made from N=1 SUSY preserving D6-branes. In chapter
8, we present the spectrum rules for the Z3 × Z3 on the ABB lattice. In chapter 9
we present arguments supporting the relevance of intersecting D-brane constructions
to some new ideas related to the existence of split supersymmetry in nature and also
discuss models with sin2θ = 3/8 at the string scale that satisfy most of the conditions
required for the split susy scenario. Chapter 10, examines the unification of gauge
couplings for the split susy models of Chapter 9 describing the SM unification from
non-susy intersecting branes. Chapter 11 contains our conclusions.
2 Spectrum on T 6/Z3 × Z3 orientifolds, RR tadpoles & anomaly cancellation
Our orientifold constructions originate from IIA theory compactified on the T6/(Z3 × Z3)
orbifold, where the latter symmetry is generated by the twist generators (where α =
e
2pii
3 ) θ : (z1, z2, z3) → (αz1, α−1z2, z3), ω : (z1, z2, z3) → (z1, αz2, α−1z3), where θ, ω
get associated to the twists υ = 1
3
(1,−1, 0), u = 1
3
(0, 1,−1). Here, zi = xi+3 + ixi+5,
i = 1, 2, 3 are the complex coordinates on the T 6, which we consider as being factor-
izable for simplicity, e.g. T 6 = T 2 ⊗ T 2 ⊗ T 2. In addition, to the orbifold action the
IIA theory is modded out by the orientifold action ΩR that combines the worldsheet
parity Ω and the antiholomorphic operation R : zi → z¯i. Because the orbifold action
has to act crystallographically on the lattice the complex structure on all three T 2
tori is fixed to be U IA = 1/2 − i
√
3/2. The lattice vectors are defined as e1 = (1, 0),
e2 = (−1/2,
√
3/2) and the ΩR action is along the horizontal directions across the
six-torus. The model contains nine kinds of orientifold planes, that get associated to
the orbit O consisting of the actions of ΩR, ΩRθ, ΩRω, ΩRθ2, ΩRω2, ΩRθω, ΩRθ2ω,
ΩRθω2, ΩRθ2ω2. We will be interested on the open string spectrum and not discuss
the closed string spectrum that contains gravitational multiplets and orbifold moduli.
In order to cancel the RR crosscap tadpoles introduced by the introduction of the ori-
entifold planes we introduce N D6a-branes wrapped along three-cycles that are taken
to be products of one-cycles along the three two-tori of the factorizable T 6. A D6-brane
a - associated with the equivalence class of wrappings (nI ,mI), I = 1, 2, 3, - is mapped
under the orbifold and orientifold action to its images
a↔

n1a,m
1
a
n2a, m
2
a
n3a, m
3
a
 , θa→

−m1a, (n−m)1a
(m− n)2a, −n2a
n3a, m
3
a
 , ΩRa→

(n−m)1a, −m1a
(n−m)2a, −m2a
(n−m)3a, −m3a
 .(2.1)
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In ΩR orientifolds the twisted disk tadpoles vanish [39]. The Z3 × Z3 orientifold
models are subject to the cancellation of untwisted RR tadpole conditions [27] given
by ∑
a
NaZa = 4, (2.2)
where
Za = 2m
1
am
2
am
3
a+2n
1
an
2
an
3
a−n1an2am3a−n1am2an3a−m1an2an3a−m1am2an3a−m1an2am3a−n1am2am3a
(2.3)
The gauge group U(Na) supported by Na coincident D6a-branes comes from the a(a˜)
sector, the sector made from open strings stretched between the a-brane and its images
under the orbifold action. In addition, we get three adjoint N=1 chiral multiplets. In
the a(Ob) sector - strings stretched between the brane a and the orbit images of brane
b - will localize Iab fermions in the bifundamental (Na, N¯b) where
Iab = 3(ZaYb − ZbYa), (2.4)
and (Z, Y ) are the effective wrapping numbers with Ya given by
Ya = m
1
am
2
am
3
a + n
1
an
2
an
3
a − n1an2am3a − n1am2an3a −m1an2an3a (2.5)
The sign of Iab denotes the chirality of the associated fermion, where we choose positive
intersection numbers for left handed fermions. In the sector ab′ - strings stretching
between the brane a and the orbit images of brane b, there are Iab′ chiral fermions in
the bifundamental (Na, Nb), with
Iab′ = 3(ZaZb − ZaYb − ZbYa), (2.6)
The theories also accommodate the following numbers of chiral fermions in symmet-
ric (S) and antisymmetric (A) representations of U(Na) from open strings stretching
between the brane a and its orbit images (Oa),
(Aa) = 3(Za − 2Ya), (2.7)
(Aa + Sa) =
3
2
(Za − 2Ya)(Za − 1) (2.8)
Finally, from open strings stretched between the brane a and its orbifold images we
get non-chiral massless fermions in the adjoint representation,
(Adj)L :
3∏
i=1
(LI[a])
2 , (2.9)
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where
LI[a] =
√
(mIa)
2 + (nIa)
2 − (mIa)(nIa) (2.10)
Adjoint massless matter, including fermions and gauginos that are massless at tree level
are expected to receive string scale masses from loops once supersymmetry is broken
4, leaving only the gauge bosons massless, and we will not discuss it further. In the
low energy theory, cubic gauge anomalies automatically cancel, due to the RR tadpole
conditions (2.2). Mixed U(1)-gauge anomalies also cancel due to the existence of a
generalized Green-Schwarz (GS) mechanism (see [27] for further details) that makes
massive only one U(1) gauge field given by
∑
a
Na(Za − 2Ya)Fa (2.11)
The minimal choice of obtaining an extension of the Standard model (SM) is ob-
tained using three stacks of D6-branes. The spectrum of open strings stretching be-
tween intersecting D6-branes is calculated by the use of rules (2.4 - 2.8). To establish
notation we will denote the type of sypersymmetries preserved in the closed string
sector by the choices of vectors 5 r0 = ±(1/2)(+ − +−), r1 = ±(1/2)(+ + −−),
r2 = ±(1/2)(−+ +−), r3 = ±(1/2)(−−−−). Supersymmetry may be preserved by a
system of branes if each stack of D6-branes is related to the O6-planes by a rotation
in SU(3), that is the angles θ˜i of the D6-branes with respect to the horizontal direc-
tion in the i-th two-torus obeys the condition θ˜1 + θ˜2 + θ˜3 = 0. The supersymmetry
of the models that is preserved by any pair of branes is determined by the choice of
the orbifold and orientifold action. To examine whether N=0 or N=1 susy models are
allowed we have to examine the brane wrappings (n,m). Our current search finds no
N=1 supersymmetric models but only N=0 ones, in chapter 8, made from different
preserving supersymmetries.
3 The N=0 MSSM
Next, we obtain non-supersymmetric models which localize the fermion spectrum of
the intersecting brane N=1 MSSM in addition to a couple of massive - non-chiral -
exotics, which subsequently break to only the SM at low energy with the use of the GS
mechanism described in the previous section.
4See the discussion in the appendix of [10] and comments on section 8.
5we follow the notation of the first reference of [13].
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3.1 N=0 SM’s at low energy with the N=1 MSSM fermion
spectrum at Ms
The minimal choice of obtaining the SM gauge group and chiral spectrum is to start
from a three stack U(3)a × U(2)b × U(1)c D6-brane construction at the string scale.
The choice of wrapping numbers
(Za, Ya) =
(
1, 0
)
, (Zb, Yb) =
(
1, 1
)
, (Zc, Yc) =
(
−1, 1
)
(3.1)
satisfies the RR tadpoles and corresponds to the spectrum seen in table (1).
Model structure Particles (SU(3)× SU(2))(Qa,Qb,Qc) U(1)Y
MSSM QUIV ER
{QL} 3(3, 2)(1, −1, 0) 1/6
{ucL} # = 3(3, 1)(2, 0, 0) −2/3
{dcL} 3(3, 1)(−1, 0, −1) 1/3
{L + Hd} 6(1, 2)(0, 1, −1) −1/2
{Hu} 3(1, 2¯)(0, −1, −1) 1/2
{e+L} #¯ = 3(1, 1)(0, −2, 0) 1
{NR} # = 9(1, 1)(0, 0, 2) 0
Extra Matter
{C1} 3(3, 1)(1, 0, −1) 1/3
{C2} 3(3¯, 1)(−1, 0, −1) −1/3
Table 1: A three generation non-supersymmetric model with the fermion content of N=1
MSSM on top of the table, in addition to NR’s and three pairs of Hu, Hd Higgsinos. This
model predicts nine NR’s that could be written as a linear combination of three NR’s. Note
that this model mimics models coming from gauge mediation scenarios.
We recognize in table (1), the chiral spectrum of the N=1 MSSM with three gener-
ations of right handed neutrinos (NR) and three pairs of massless ‘Higgsinos’
6. Also
one U(1) gauge field becomes massive through its BF couplings, namely
U(1)massive = 3Fa − 2Fb − 3Fc (3.2)
There hypercharge obeys the massleness condition
U(1)massive · U(1)massless = 0 (3.3)
6Instead of one Higgino Hu, Hd pair in the standard global SUSY version of the MSSM.
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thus surviving massless the GS mechanism (2.11). The hypercharge reads:
Y = U(1)Y = −(1/3)Fa − (1/2)Fb (3.4)
The second U(1)’s that survive massless the (3.3)
U(1)add = Fa − (2/3)Fb + (13/3)Fc . (3.5)
U(1)add could be broken by a tachyonic singlet excitation charged under Fc, namely
N˜R, that plays the role of the ‘superpartner’ of NR, thus leaving only the hypercharge
U(1)add massless at low energies, below the scale set by 〈N˜R〉. The following Yukawa
couplings for the quarks, leptons and exotics Xi are allowed:
Y = λd QLd
c
LH˜dN˜R/Ms + λ
ij
u L
jN iRH˜u + λELERH˜dN˜R/Ms +
λCC1C2N˜R + λµHuHdN˜R i = 1, ., 9; j = 1, 2 (3.6)
The exotic triplets Ci form a Dirac mass term which receives a mass of order Ms from
the vev of N˜R. The form of this coupling provide us with the bilinear mixing, that in
a N=1 susy theory, would have played the role of a superpotential µ-term. We remind
that because the D6-branes wrap along all the T 6, the string scale is high and close
to the Planck scale. Thus the two Higgsinos Hu, Hd receive a Dirac mass term from
the last term in (3.6) of order of the string scale, as the natural scale of 〈NR〉 = Ms.
However, the value for the Higgsinos which can be at Ms or lower is set by the values
of the Yukawa coupling coefficients λµ. Large exponential suppression of a n-point
interaction of Yukawa interactions in the form
λµ ∼ e−A (3.7)
is a natural aspect of IBW’s due to their dependence on the worldsheet area A, in
string units, located between their brane intersections [13, 38]. Hence a light higssino
condensate of order of electroweak symmetry breaking υ = 246 GeV can be obtained,
assuming Ms = 10
16 GeV, with A = 31.
The quarks - apart for the u-quark which remain massless as the relevant coupling
is excluded from charge conservation - and leptons receive non-zero masses from the
Yukawa couplings in the 1st line of (3.6). Thus at low energy we have the SM - with the
up quark remaining massless after electroweak symmetry breaking - and nine (9) gen-
erations of right handed neutrinos. A comment is in order. As the D6-branes involved
wrap on generic angles the spectrum of table (1) is non-supersymmetric. Unfortunately,
we were only able to find wrappings that render the models non-supersymmetric.
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Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (1, 0)× (0, 1)× (0, −1)
{b} (0, 1)× (1, 0)× (0, 1)
{c} (0, −1)× (1, 1)× (0,−1)
Table 2: Wrapping numbers responsible for the generation of the N=0 models of table (1),
that have the chiral spectrum of the intersecting brane N=1 MSSM.
One can also check that the choice of effective wrappings
(Za, Ya) =
(
1, 0
)
, (Zb, Yb) =
(
1, 1
)
, (Zc, Yc) =
(
−1, −2
)
(3.8)
gives us also the N=0 chiral MSSM spectrum 7 of table (1) with the same hypercharge
assignments.
4 Exactly the SM from three stacks
In this section, we will construct non-supersymmetric models which have exactly the
SM gauge group and chiral spectrum and no exotics present. These models will be
constructed as a deformation of the models that appeared in table (1). Also in these
models there is no mass term allowed from the up-quarks.
4.1 SM deformations of N=0 SM’S from three stacks
• Let us make the choice of wrapping numbers
(Za, Ya) =
(
1, 0
)
, (Zb, Yb) =
(
1, 1
)
, (Zc, Yc) =
(
−1, −1
)
(4.1)
This choice satisfies the RR tadpoles and corresponds to the spectrum 8seen in
table (3). The intersection numbers are
Iab = 3, (A)a = 3, Ibc? = 3,
(A)b = −3, Iac = −3, (A+ S)c = −3 . (4.2)
7Apart for some differences in the U(1) charges involved
8The spectrum of this stringy quiver structure with matter in , representations has also
appeared in the ZZ3 orientifolds [6].
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Table 3: A three generation chiral (open string) spectrum accommodating the SM. The
required Higgs may come from non-chiral bifundamentals in the bc sector [10–12] that may
trigger brane recombination.
Matter (SU(3)× SU(2))(Qa,Qb,Qc) U(1)Y
{QL} 3(3, 2)(1, −1, 0) 1/6
{ucL} # a = 3(3¯, 1)(2, 0, 0) −2/3
{dcL} 3(3, 1)(−1, 0, 1) 1/3
{L} 3(1, 2)(0, 1, 1) −1/2
{e+L} #¯b = 3(1, 1)(0, −2, 0) 1
{NR} # ¯ c = 3(1, 1)(0, 0, −2) 0
From (2.11) there is one anomalous U(1) which becomes massive
U(1)massive = 3Fa − 2Fb + Fc (4.3)
and two anomaly free U(1)’s that correspond to the hypercharge and an extra U(1)
U(1)Y = −1
3
Fa − 1
2
Fb, U(1)
ex = −3Fa + 2Fb + 13Fc (4.4)
We recognize in table (3) exactly the chiral spectrum of the SM as at this point the
spectrum for generic angles is non-supersymmetric. Exactly the same quiver - but with
opposite U(1) charges - non-supersymmetric chiral spectrum construction was found
in [6] from intersecting D6-branes in Z3 orientifolds. In [6] and in the present mod-
els the breaking of the extra U(1) surviving massless the Green-Schwarz mechanism
proceeds via tachyonic excitations in the sector accommodating the right handed neu-
trino. Choices of wrappings satisfying the constraints (4.1) can be seen in table (4).
Other choices of wrappings solving the RR tadpole conditions may be seen in table
(5). Baryon (and lepton) number is not conserved but as the string scale in these
models is naturally close to Planck scale we do expect a natural enhancement of gauge
mediated proton decay modes and thus proton stability is guaranteed. The exchange
of wrappings
(Za, Ya)↔ (Zb, Yb) (4.5)
11
Figure 1: Brane positions in the SM’s of table (3) for the wrapping choices of table
(4).
is a symmetry of the theory as the spectrum and hypercharge of table (3) do not change
under the exchange (4.5), which just reverses the U(1)a, U(1)b charges
9.
There is another symmetry under which the spectrum remains invariant. The spectrum
remains invariant under the interchanges
(n,m)a ↔ (n,m)b, (n,m)a ↔ (n,m)c, (n,m)b ↔ (n,m)c (4.6)
applied in the wrappings of tables (4), (5), thus resulting in new N=0 models. Some
examples of this spectrum symmetry applied in the wrappings of table (5) may be seen
in appendix A.
Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (1, 0)× (0, 1)× (0, −1)
{b} (1, 1)× (1, 0)× (−1,−1)
{c} (1, 1)× (−1, 0)× (−1, −1)
Table 4: Wrapping numbers responsible for the generation of the three stack D6-brane non-
supersymmetric Standard Models of table (3).
The Higgs available for electroweak symmetry breaking (ESB) may come from bi-
fundamental scalars that may be understood as part of the massive N=2 hypermultiplet
spectrum containing also the massive scalars stretched between the U(2) brane and the
brane image of the U(1); as the b,c branes are parallel in at least one complex plane
along the different orbits. The Higgs scalars become tachyonic [see also [10–12]] by
varying the distance between the parallel branes. The available electroweak Higgs
9obviously leaving invariant the hypercharge under field redefinition
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Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (1, 0)× (0, 1)× (0, −1)
{b} (1, 1)× (1, 0)× (−1,−1)
{c} (1, 1)× (1, 1)× (1, 0)
Table 5: Wrapping numbers responsible for the generation of the three stack non-
supersymmetric D6-brane Standard Models of table (3).
have the quantum numbers
h1 = (1, 2)(0, 1, −1), h2 = (1, 2¯)0, −1, 1) , (4.7)
where the allowed Yukawa couplings are given by
Y = λdQLd
c
Lh1 + λνLNRh2 + λeLERh1 (4.8)
with no mass term for u-quarks.
•• Other examples of SM wrappings A three stack N=0 model with the chiral
spectrum of only the SM can be also derived from the wrapping numbers (4.1), by
deforming around the Yc wrapping number. Thus the choice of wrappings
(Za, Ya) =
(
1, 0
)
, (Zb, Yb) =
(
1, 1
)
, (Zc, Yc) =
(
−1, 0
)
(4.9)
provide us with the spectrum of table (3) but with reversed U(1)c charge. In this case
the U(1) gauge field which becomes massive through its nonzero coupling to the RR
fields is given by 3Fa − 2Fb − Fc. Also the hypercharge and the extra U(1) are given
respectively by
U(1)Y = −1
3
Fa − 1
2
Fb, U(1)
add = − 3
13
Fa +
2
13
Fb − Fc (4.10)
A set of wrappings associated with the effective wrappings (4.9) is given in table (6).
A different set of wrappings solving the RR tadpoles may be seen in table (7). Notice
that for the wrapping numbers of the a, b branes seen in tables (6), (7), the ab-
intersection that localizes QL doublets, preserves the N=1 supersymmetry r2. Thus we
have a similar effect (as the one appearing in [11] where the SM & νR’s appears and
in addition the tadpole solutions allow the spartners of the right handed neutrinos to
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exist in a N=1 supersymmetric intersection in an overall non-supersymmetric model)
where the spectrum of the SM with right handed neutrinos of table (3) is overall non-
supersymmetric but the Quark doublet is N=1 supersymmetric. One can also check
Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (1, 0)× (0, 1)× (0, −1)
{b} (1, 1)× (1, 0)× (−1,−1)
{c} (0, −1)× (0, 1)× (−1, 0)
Table 6: Wrapping numbers in the three stack non-supersymmetric D6-brane Standard Mod-
els of the wrapping choices (4.9) of table (3 with reversed U(1)c charge. The ab intersection
preserves the r2 susy.
that the wrapping solutions of table (6) have the S3 permutational symmetry (4.6)
that allows the individual pairs of wrappings (ni,mi) of the T 2i tori to permute with
the wrappings of the other T 2i , i 6= j, tori. We also note that in these models there is
no mass term for the up-quarks as well.
Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (1, 0)× (0, 1)× (0, −1)
{b} (1, 1)× (1, 0)× (−1,−1)
{c} (0, 1)× (0, 1)× (1, 0)
Table 7: Wrapping numbers responsible for the non-supersymmetric three stack D6-brane
Standard Models of the wrapping choices (4.9) of table (3 with reversed U(1)c charge. The
ab intersection preserves the r2 susy.
5 Four stacks of D6-branes and massive exotics
In this section, we will exhibit the appearance of three generation non-supersymmetric
models by using four stacks of D6-branes. We will not give a very detail description
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of these models as the issue of whether the SM gauge group survives massless to low
energies. We are considering a system of four stacks of D6-branes, namely we start
with a gauge group U(3)a × U(2)b × U(1)c × U(1)d at the string scale Ms.
5.1 The N=0 Standard Models
We choose the effective wrappings
(Za, Ya) =
(
1, 1
)
, (Zb, Yb) =
(
1, 0
)
,
(Zc, Yc) =
(
1, 1
)
, (Zd, Yd) =
(
−2, −2
)
. (5.1)
which satisfies the RR tadpole conditions (2.2). For the choice of wrappings seen
in table (8) the models are non-supersymmetric. The chiral spectrum of the set of
effective wrappings (5.1) which is associated with the hypercharge assignment U(1)Y =
(1/3)Fa + (1/2)Fb may be seen in table (9).
Brane (n1,m1)(n2,m2)(n3,m3)
{a} (1, 1)(1, 0)(−1, −1)
{b} (1, 0)(0, 1)(0,−1)
{c} (1, 1)(1, 0)(−1, −1)
{d} (1, 1)(1, 0)(2, 0)
Table 8: Wrapping numbers in the four stack D6-brane Standard-like Models that are gen-
erated by the choice of effective wrappings (5.1).
.
The Yukawa couplings are
Y(table 9) = λdQLd
c
LH
H
d S
H
2 /Ms + λeLe
+
LH
H
d S
H
2 /Ms + λνLν
c
LH
H
u S
H
3 /Ms +
λ(4)µ HuHdS
H
3 S
H
2 /Ms + λ(12)X1X2S
H
3 S
H
2 /Ms , (5.2)
where by HHd , H
H
u , S
H
3 , S
H
2 we denote the massive ’superpartners’ of the matter Hd,
Hu, S3, S2 respectively. The HuHd, X1X2 exotic pairs form Dirac mass terms respec-
tively, that receive a non-zero mass from the combined effect of the vevs of the scalar
superpartners of S2, S3 which become tachyonic. All SM fermions but the one associ-
ated to ucL transform in bifundamentals. Moreover the Yukawa couplings give masses
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Model structure Particles U(1)Y (SU(3)× SU(2))(Qa, Qb, Qc, Qd)
MSSM QUIV ER
{QL} 1/6 3(3¯, 2)(−1, 1, 0, 0)
{ucL} −2/3 3(3¯, 1)(−2, 0, 0, 0)
{dcL} 1/3 3(1, 1)(1, 0, 0, 1)
{L} −1/2 3(1, 2)(0, −1, 0, 1)
{Hu} 1/2 3(1, 2)(0, 1, −1,0)
{Hd} −1/2 3(1, 2)(0, −1, 0, 1)
{e+L} 1 3(1, 1)(0, 2, 0, 0)
{S1 ≡ νcL} 0 3(1, 1)(0, 0, 0, −2)
Singlets
{S2} 0 6(1, 1)(0, 0, 0, −2)
{S3} 0 3(1, 1)(0, 0, 1, 1)
Exotics
{X1} −1/3 3(3¯, 1)(−1, 0, −1, 0)
{X2} 1/3 3(3, 1)(1, 0, 0, 1)
Table 9: The three generation N=0 SM-like models from four stacks of intersecting branes
with its chiral spectrum with three pairs of Higgsinos and right handed neutrinos. Either
one of the gauge multiplets SI could be identified as the one associated with the right handed
neutrino. The exotics triplets XI receive a Dirac mass only with the choice of hypercharge
associated to Y 1. The scalar massive superpartners of the singlets S2, S3 - after they become
tachyonic - may be used to break the extra U(1)’s. These N=0 SM-like models have the
symmetry under the exchange dcL ↔ X2 , L↔ Hd.
to all quarks and leptons but the u-quark, for which the relevant term is excluded from
charge conservation.
We however note that under the brane recombination (BR) c˜ = c+d, the four stack
models of table (9) flow to the non-supersymmetric three stack models of table (10).
We also note that the wrappings coming from the interchanges (4.6) are still a
symmetry of the spectrum.
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Matter (SU(3)× SU(2))(Qa,Qb,Qc) U(1)Y
{QL} 3(3¯, 2)(−1, 1, 0) 1/6
{ucL} 3(3¯, 1)(−2, 0, 0) −2/3
{dcL} 3(3, 1)(1, 0, −1) 1/3
{L} 3(1, 2)(0, −1, 1) −1/2
{e+L} 3(1, 1)(0, 2, 0) 1
{NR} 3(1, 1)(0, 0, −2) 0
{S0} 6(1, 1)(0, 0, −2) 0
Table 10: A three generation non-supersymmetric chiral (open string) spectrum accommo-
dating the SM that result from brane recombination on the SMs of table (9). The extra
singlet becomes massive by its coupling to the tachyonic scalar superpartner. The latter
may be also be used to break the extra U(1), beyond hypercharge, surviving massless the
Green-Schwarz mechanism.
6 Only the (N=0) MSSM from five stacks of D6-
branes
In this section, we will investigate the possibility to construct N=0 models by using a
higher numbers of stacks, namely five stack vacua. In these models the SM will survive
massless below the string scale to low energies. After the Green-Schwarz anomaly
cancellation the N=0 models will localize the massless fermion spectrum of the N=1
SM, which in turn will be reduced with the help of Higgs tachyons to that of only
the SM at low energies. The five stack configuration involves the initial localization of
chiral models with a U(3)a ×U(2)b ×U(1)c ×U(1)d ×U(1)e gauge group at the string
scale.
These N=0 models are constructed from the effective wrapping numbers
(Za, Ya) =
(
1 , 1
)
, (Zb, Yb) =
(
1 , 0
)
, (Zc, Yc) =
(
1, 1
)
,
(Zd, Yd) =
(
−1 , −1
)
, (Ze, Ye) =
(
−1, −1
)
. (6.1)
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The above choice of wrapping numbers satisfies the RR tadpole cancellation condition
(2.2). The corresponding three generation chiral spectrum can be seen in table (11).
Model structure Particles U(1)Y (SU(3)× SU(2))(Qa, Qb, Qc, Qd, Qe)
MSSM QUIV ER
{QL} 1/6 3(3, 2¯)(−1, 1, 0, 0, 0)
{ucL} −2/3 3(3¯, 1)(−2, 0, 0, 0, 0)
{e+L} 1 3(1, 1)(0, 2, 0, 0, 0)
{dcL} 1/3 3(1, 1)(1, 0, 0, 1, 0)
{Hu} 1/2 3(1, 2)(0, 1, −1, 0, 0)
{L} −1/2 3(1, 2)(0, −1, 0, 1, 0)
{Hd} −1/2 3(1, 2)(0, −1, 0, 0, 1)
{S3 ≡ νcL} 0 3(1, 1)(0, 0, 1, 1, 0)
Extra singlets
{S1} 0 3(3, 1)(0, 0, 0, −2, 0)
{S2} 0 3(3, 1)(0, 0, 0, 0, −2)
{S4} 0 3(1, 1)(0, 0, 1, 0, 1)
{S5} 0 6(1, 1)(0, 0, 0, −1, −1)
Exotics
{X1} −1/3 3(3¯, 1)(−1, 0, −1, 0, 0)
{X2} 1/3 3(3, 1)(1, 0, 0, 0, 1)
Table 11: On the top of the table the N=0 models with the three generation MSSM chiral
spectrum with three pairs of Higgsinos and right handed neutrinos. Either one of the gauge
multiplets SI could be identified as the one associated with the right handed neutrino. The
exotics triplets XI form a Dirac mass term, leaving only the SM at low energy.
The analysis of U(1) anomalies in the models shows that there is a massive U(1)
given by the combination U(1)(1) = −3Fa + 2Fb − Fc + Fd + Fe and also another
four U(1)’s - including the hypercharge - which survive massless the Green-Schwarz
mechanism, namely the following
U(1)(2) =
1
3
Fa +
1
2
Fa , U(1)
(3) = 3Fa − 2Fb − 13Fc
U(1)(4) = 3Fa − 2Fb + Fc + 7Fd + 7Fe , U(1)(5) = Fd − Fe . (6.2)
The extra U(1)’s may be broken by the vevs of vevs of the superpartners of the S1,
S2, S4, S5, namely the S
H
1 , S
H
2 , S
H
4 , S
H
5 , Thus for example S
H
4 may be used to break
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U(1)(3), SH5 may be used to break U(1)
(5), while SH1 , S
H
2 could be used to break U(1)
(4).
Thus at low energies only the SM gauge group survives.
We construct N=0 models with the spectrum of table (11). A choice of wrappings
can be seen in table (12). Further examples of wrappings which describe equivalent
models can be seen in appendix C, in tables (27), (28) and (29). These models of
appendix C are constructed by the application of the interchange of wrappings - the
latter being a symmetry of the spectrum - in (4.6) to the wrappings of table (12). The
models of table (12) are non-susy 10.
Brane (n1,m1)(n2,m2)(n3,m3)
{a} (1, 1)(1, 0)(−1, −1)
{b} (1, 0)(0, 1)(0,−1)
{c} (1, 1)(1, 0)(−1, −1)
{d} (1, 1)(1, 0)(1, 1)
{e} (1, 1)(1, 1)(1, 0)
Table 12: Wrapping numbers responsible for N=0 supersymmetry in the five stack 4D three
generation intersecting D6-brane models.
We note that in all models there is no mass term for the up-quarks which is excluded
from charge conservation.
• Model A
Yukawa couplings for the quarks and leptons and exotic triplets Xi of the models
appearing in table (11) are given by
Y (table 11) = λd
QLd
c
LH
H
d S
H
4
Ms
+ λe
Le+LH
H
d S
H
5
Ms
+ λν
LνcLH
H
u S
H
1
Ms
+
λxX1X2S
H
4 + HuHd
(λ(2)µ S
H
3 S
H
5 + λ
(1)
µ S
H
4 S
H
2 )
Ms
(6.3)
The mass term for the exotic triplets couples to the vev of the superpartner of S4. As
the presence of these triplets can mediate scalar mediated proton decay modes such as
the
((u¯cL)α(dL)β)((d¯
c
L)γνL)αβγ , (6.4)
10We follow the notation of the first reference of [13].
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it is necessary that they receive a mass which it is at least 1016 GeV or higher, such as
proton decay is enhanced beyond the observable present limit Γ−1expected (p → e+Lpio) ≥
1033 yrs [ See also [21] for the calculation of proton decay rate for a general N=1
SU(5) model in the context of Z2 × Z2 orientifolds and also [22] for complementary
considerations on stringy proton decay and doublet-triplet splitting for SU(5) and
flipped SU(5) GUTS ]. Hence, it is guaranteed that the scalar mediated proton decay
modes are suppressed. The chiral fermions Hu, Hd, receive a Dirac mass from the last
term in eqn. (6.3).
• Model B
An alternative class of N=0 supersymmetric models, where also all exotics are
massive, can be derived from the models appearing in table (11) by the exchanges
L↔ Hd, dcL ↔ X2, (6.5)
which can be obviously be chosen due to the degeneracy of their hypercharge. The
spectrum of the new models can be seen in table (13). The Yukawa couplings for
quarks, leptons and exotics colour triplets Xi are
Y(table 13) = λd
QLd
c
LH
H
d S
H
5
Ms
+ λe
Le+LH
H
d S
H
5
Ms
+ λν
LνcLH
H
u S
H
5
Ms
+
X1X2
(λ(1)x S
H
3 S
H
1 + λ
(2)
x S
H
4 S
H
5 )
Ms
. (6.6)
We observe that there is a universality in the dependence of the mass terms for the
down quark, the electron and the neutrino mass on the vev of the S5 previously massive
superpartner. The latter Higgs tachyonic field can generate natural mass scales of the
electroweak order in the following sence. Take for example the mass for the d-quark.
Its mass is given by md = λdud, where 〈HHd 〉 = υd. Thus the required hierarchy for
the mass of the d-quark, mexpd = 0.05 GeV, may be generated from the exponential
suppression generated by the Yukawa coupling factor λd of the relevant four point
function. The fermions Hu, Hd receive a non-zero mass from the Yukawa interaction
terms
HuHd(λ
(1)
µ
SH3 S
H
1
Ms
+ λ(2)µ
SH4 S
H
5
Ms
) (6.7)
• Model C
Another interesting class of N=0 supersymmetric models, where also all exotics are
massive, can be derived from the models of table (11) by the exchanges
L↔ Hd (6.8)
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Matter for Y1 Y 1 (SU(3)× SU(2))(Qa, Qb, Qc, Qd, Qe)
{QL} 1/6 3(3, 2¯)(−1, 1, 0, 0, 0)
{ucL} −2/3 3(3¯, 1)(−2, 0, 0, 0, 0)
{e+L} 1 3(1, 1)(0, 2, 0, 0, 0)
{dcL} 1/3 3(1, 1)(1, 0, 0, 0, 1)
{Hu} 1/2 3(1, 2)(0, 1, −1, 0, 0)
{Hd} −1/2 3(1, 2)(0, −1, 0, 1, 0)
{L} −1/2 3(1, 2)(0, −1, 0, 0, 1)
- {S3 ≡ νcL} 0 3(1, 1)(0, 0, 1, 1, 0)
{S1} 0 3(3, 1)(0, 0, 0, −2, 0)
{S2} 0 3(3, 1)(0, 0, 0, 0, −2)
{S4} 0 3(1, 1)(0, 0, 1, 0, 1)
{S5} 0 6(1, 1)(0, 0, 0, −1, −1)
{X1} −1/3 3(3¯, 1)(−1, 0, −1, 0, 0)
{X2} 1/3 3(3, 1)(1, 0, 0, 1, 0)
Table 13: The three generation N=0 SM from from five stacks of intersecting branes with
its chiral spectrum and three pairs of Higgsinos. On the top of the table the chiral structure
of N=1 SM. The middle part exhibits the gauge singlets while the bottom part includes the
triplet exotics. These models can come from the models of table (11) by the exchange (6.5).
At low energy only the SM survives.
These models are further analyzed in appendix C.
• Model D
A further N=0 3G 4D model, with the chiral spectrum of the intersecting brane
N=1 SM at the string scale, is obtained by the exchange
dCL ↔ X2 (6.9)
on the particle spectrum of table (11). These models are examined in appendix D.
• Brane recombination
The string theory recombination process (BR) should be better described by string
field theory. For some examples with BR involving classical methods at the level of
gauge theory, see [30]. In the present models, BR works as follows : a) Under the BR
c˜ = c+ d+ e, the 5-stack models of table (13), flow to the three stack models of table
(14).
b) Under the BR d˜ = d + e, the 5-stack models of table (13), flow to the 4-stack
models of table (15).
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Matter (SU(3)× SU(2))(Qa,Qb,Qc˜) U(1)Y
{QL} 3(3¯, 2)(−1, 1, 0) 1/6
{ucL} 3(3¯, 1)(−2, 0, 0) −2/3
{dcL} 3(3, 1)(1, 0, 1) 1/3
{L} 3(1, 2)(0, −1, 1) −1/2
{e+L} 3(1, 1)(0, 2, 0) 1
{NR} 3(1, 1)(0, 0, −2) 0
{S0} 3(1, 1)(0, 0, −2) 0
Table 14: A three generation non-supersymmetric chiral (open string) spectrum accommo-
dating the SM that comes from brane recombination on the 5-stack SM with massive exotics
of table (9).
7 Three generation N=0 MSSM-like models made
from N=1 supersymmetric D6-branes
7.1 An example of a N=0 MSSM-like model
Let us consider the eight stack N=0 model that satisfies the RR tadpole conditions
3Za + 2Zb + Zc +
5∑
i=1
Zci = 4 (7.1)
with its effective wrappings given by
(Z, Y )a = (−1, −1), (Z, Y )b = (−1, −1), (Z, Y )a1 = (−1, −1),
(Z, Y )ci = (2, 1), i = 1, · · · , 5. (7.2)
The initial gauge group is based on the structure U(3)a × U(2)b × U(1)a1 × U(1)c1 ×
U(1)c2 × U(1)c3 × U(1)c4 × U(1)c5 . The full chiral spectrum of these N=0 models
can be seen in table (18). Regarding the wrappings (n,m) associated to (Z, Y ), we
find different solutions for the (Z, Y ) ↔ (n,m) wrappings that are associated with
the preservation of N=1 supersymmetry on a “hidden” single U(1)ci D6-brane and
a different N=1 supersymmetry on the “observable” sector MSSM branes. They are
listed in table (16). We classify the effective wrappings (Z, Y) by the set (lj, si) for
convenience. For example, by using the wrapping numbers of the pairs (li, sj) for the
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Matter (SU(3)× SU(2))(Qa,Qb,Qc,Qd˜) U(1)Y
{QL} 3(3¯, 2)(−1, 1, 0) 1/6
{ucL} 3(3¯, 1)(−2, 0, 0) −2/3
{X1 + dcL} 6(3, 1)(−1, 0, 0, −1) 1/3
{X2} 3(3¯, 1)(−1, 0, −1, 0) −1/3
{Hd + L} 6(1, 2)(0, −1, 0, 1) −1/2
{Hu} 3(1, 2)(0, 1, −1, 0) 1/2
{e+L} 3(1, 1)(0, 2, 0) 1
{S1} 6(1, 1)(0, 0, 1, 1) 0
{S2} 6(1, 1)(0, 0, 0,−2) 0
Table 15: A three generation non-supersymmetric chiral (open string) spectrum accommo-
dating the SM that comes from brane recombination on the 5-stack SM with massive exotics
of table (9).
(observable, hidden) sector branes respectively, as seen in table (17), to be e.g. all
equal to the (l4, s3) wrappings respectively, we can construct a non-supersymmetric
model which accommodates an “observable” MSSM sector respecting a single N=1
supersymmetry and is made of l4 associated D6-branes and a “hidden” sector which
preserves a (different) N ′ = 1 supersymmetry and is made from the s3 D6-branes.
These wrappings can be seen in figure (2). The exchange symmetries (4.6) are also
valid in these models. A similar construction based on 4D toroidal orientifolds of type
IIA [2] has appeared in [20].
• U(1) anomalies
The analysis of U(1) anomalies shows that there is one U(1) which becomes massive
though its couplings to RR fields, namely
U(1)mas = 3Fa + 2Fb + Fa1 , (7.3)
while the hypercharge which remains massless is given by (1/3)Fa − (1/2)Fb. There
is also a third U(1)c = (3/2)Fa + Fb − (13/2)Fa1 which can be broken by the vev
of the tachyon singlet superpartner of S0, and also five more U(1)’s which are linear
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Solution (Z, Y ) (n1, m1)(n2, m2)(n3, m˜3) N=1 SUSY Preserved
l1 (−1, −1) (1, 1)(1, 0)(1, 1) r1, r2
l2 (−1, −1) (1, 0)(1, 1)(1, 1) r1, r0
l3 (−1, −1) (1, 1)(1, 1)(1, 0) r2, r0
l4 (−1, −1) (1, 1)(−1, 0)(−1, −1) r2
l5 (−1, −1) (−1, 0)(1, 1)(−1, −1) r2
l6 (−1, −1) (−1, −1)(−1, 0)(1, 1) r1
l7 (−1, −1) (−1, −1)(−1, −1)(1, 0) r0, r2
l8 (−1, −1) (−1, −1)(1, 0)(−1, −1) r1, r2
l9 (−1, −1) (1, 0)(−1, 0)(1, 1) −
s1 (2, 1) (1, 1)(0, 1)(−1, 0) r3
s2 (2, 1) (0, 1)(−1, 0)(1, 1) r3
s3 (2, 1) (−1, 0)(1, 1)(0, 1) r3
s4 (2, 1) (1, 1)(0, −1)(1, 0) r3
s5 (2, 1) (0, −1)(1, 1)(1, 0) r3
s6 (2, 1) (1, 0)(0, −1)(1, 1) r3
s7 (2, 1) (0, 1)(−1, −1)(1, 0) r3
s8 (2, 1) (−1, −1)(0, 1)(1, 0) r3
s9 (2, 1) (1, 0)(0, −1)(1, 1) r3
Table 16: Multiple solutions for the wrapping numbers of the eight stack 4D N=0 three
generation intersecting D6-brane models.
Solution/branes (Z, Y ) (n1, m1)(n2, m2)(n3, m˜3) N=1 SUSY
“Observable” : l4 = a, b, a1 (Z, Y ) = (−1, −1) (1, 1)(−1, 0)(−1, −1) r2
“Hidden” : s3 = c1, c2, c3, c4, c5 (Z, Y ) = (2, 1) (−1, 0)(1, 1)(0, 1) r3
Table 17: Wrapping numbers of the 8-stack 4D N=0 three generation intersecting D6-brane
models. The “observable” MSSM stacks of l4 branes preserve a different N=1 supersymmetry
than the universal N′ =1 supersymmetry preserved by the extra s3 “hidden” branes.
combinations of all five U(1)’s, U(1)c1, · · · , U(1)c5 and can be broken e.g. by the vev’s
of one of the singlet tachyonic superpartners of S1, · · · , S5. As there are more tachyonic
singlets available in the models e.g. S1, · · · , S9, there are different choices of singlets
that could be used to break the extra, beyond the hypercharge, surviving massless the
Green-Schwarz mechanism U(1)’s.
• Chiral Spectrum
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Figure 2: Brane positions in the non-supersymmetric MSSM-like models of table (18)
for the wrapping choices of the set solution (l4, s3); a-brane ≡ U(3)a, b-brane ≡ U(2)b,
a1-brane ≡ U(1)c. The N=0 models are made from two different N=1, N′=1 super-
symmetry preserving sectors. The wrappings can be seen in table (17).
Most of the matter becomes massive by appropriate Yukawa couplings - denoted
in table (18) by using the ”+” sign. There are only 11 two pairs of chiral fields where
the matter in each pair has opposite hypercharges with respect to the the surviving
gauge group SU(3)c × SU(2)L × U(1)Y - that we were not able to find a mass term;
denoted in table (18) by using the ”-” sign. However, even with the latter drawback it
is worthwhile to examine some of its revealing phenomenology. The Yukawa couplings
of the models are given 12 by
Y = Y(SM) + Yµ + YX0 + YXi , (7.4)
where
Y(SM) = λdQLd
c
LH˜
2
d + λeLe
+
LH˜
2
d + λνLNRH˜u, (7.5)
Yµ =
(
λHdHuHdS˜1
)
+ {λH1
d
LHuS˜2}+ +λH3
d
HuH
3
d S˜4 + λH4dHuH
4
d S˜3 + λH5dHuH
5
d S˜6
+λH6
d
HuH
6
d S˜5 + λH7dHuH
7
d S˜8 + λH8dHuH
8
d S˜7 + λH9dHuH
9
d S˜10 + λH10d HuH
10
d S˜9
(7.6)
YX0 = λNX0d
c
LN˜R + λXm1 X0X1S˜1 + λXm2 X0X2S˜4 + λXm3 X0X3S˜3 + λXm4 X0X4S˜6 +
λXm5 X0X5S˜5 + λXm6 X0X6S˜8 + λXm7 X0X7S˜7 + λXm8 X0X8S˜10 + λXm9 X0X9S˜9
(7.7)
YXi = λX1QLX1H˜
1
d + λX2QLX2H˜
4
d + λX3QLX3H˜
3
d + λX4QLX4H˜
6
d +
λX5QLX5H˜
5
d + λX6QLX6H˜
8
d + λX7QLX7H˜
7
d +
λX8QLX8H˜
10
d + λX9QLX9H˜
9
d (7.8)
11, apart from the up-quarks in the
¯
of SU(3) which are massless,
12By H˜u, H˜
i
d, S˜i we denote the boson tachyon superpartners of the chiral matter fields Hu, H
i
d, Si.
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Matter Massive (SU(3)× SU(2))(Qa,Qb,Qa1,Qc1,Qc2,Qc3,Qc4,Qc5) U(1)Y{QL} + 3(3∗, 2∗)(−1, −1, 0, 0, 0, 0, 0, 0) 1/6
{ucL} − 3(3¯, 1)(−2, 0, 0, 0, 0, 0, 0, 0) −2/3{dcL} + 3(3, 1)(1, 0, 0, −1, 0, 0, 0, 0) 1/3{Hu} + 3(1, 2∗)(0, −1, −1, 0, 0, 0, 0, 0) 1/2
{H2d ≡ Hd} + 3(1, 2)(0, 1, 0, 1, 0, 0, 0, 0) −1/2
{e+L} + 3(1, 1)(0, −2, 0, 0, 0, 0, 0, 0) 1
{X1} + 3(3, 1)(1, 0, 0, 1, 0, 0, 0, 0,) 1/3
{X2} + 3(3, 1)(1, 0, 0, 0, −1, 0, 0, 0) 1/3
{X3} + 3(3, 1)(1, 0, 0, 0, 1, 0, 0, 0) 1/3
{X4} + 3(3, 1)(1, 0, 0, 0, 0, −1, 0, 0) 1/3
{X5} + 3(3, 1)(1, 0, 0, 0, 0, 1, 0, 0) 1/3
{X6} + 3(3, 1)(1, 0, 0, 0, 0, 0, −1, 0) 1/3
{X7} + 3(3, 1)(1, 0, 0, 0, 0, 0, 1, 0) 1/3
{X8} + 3(3, 1)(1, 0, 0, 0, 0, 0, 0, −1) 1/3
{X8} + 3(3, 1)(1, 0, 0, 0, 0, 0, 0, 1) 1/3
{H1d ≡ L} + 3(1, 2)(0, 1, 0, −1, 0, 0, 0, 0) −1/2
{H3d} + 3(1, 2)(0, 1, 0, 0, −1, 0, 0, 0) −1/2
{H4d} + 3(1, 2)(0, 1, 0, 0, 1, 0, 0, 0) −1/2
{H5d} + 3(1, 2)(0, 1, 0, 0, 0, −1, 0, 0) −1/2
{H6d} + 3(1, 2)(0, 1, 0, 0, 0, 1, 0, 0) −1/2
{H7d} + 3(1, 2)(0, 1, 0, 0, 0, 0, −1, 0) −1/2
{H8d} + 3(1, 2)(0, 1, 0, 0, 0, 0, 1, 0) −1/2
{H9d} + 3(1, 2)(0, 1, 0, 0, 0, 0, 0, −1) −1/2
{H10d } + 3(1, 2)(0, 1, 0, 0, 0, 0, 0, 1) −1/2
{S0} + 3(1, 1)(0, 0, −2, 0, 0, 0, 0, 0) 0
{S1} + 3(1, 1)(0, 0, 1, −1, 0, 0, 0, 0) 0
{S2 ≡ NR} + 3(1, 1)(0, 0, 1, 1, 0, 0, 0, 0) 0
{S3} + 3(1, 1)(0, 0, 1, 0, −1, 0, 0, 0) 0
{S4} + 3(1, 1)(0, 0, 1, 0, 1, 0, 0, 0) 0
{S5} + 3(1, 1)(1, 0, 1, 0, 0, −1, 0, 0) 0
{S6} + 3(1, 1)(0, 0, 1, 0, 0, 1, 0, 0) 0
{S7} + 3(1, 1)(0, 0, 1, 0, 0, 0, −1, 0) 0
{S8} + 3(1, 1)(0, 0, 1, 0, 0, 0, 1, 0) 0
{S9} + 3(1, 1)(0, 0, 1, 0, 0, 0, 0, −1) 0
{S10} + 3(1, 1)(0, 0, 1, 0, 0, 0, 0, 1) 1/3
{X0} + 3(3¯, 1)(−1, 0, −1, 0, 0, 0, 0, 0) −1/3
{Q1} − 3(3, 1)(2, 0, 0, 0, 0, 0, 0, 0) 2/3
{Q2} − 3(6∗, 1)(−2, 0, 0, 0, 0, 0, 0, 0) −2/3
{P1} − 3(1, 1)(0, 2, 0, 0, 0, 0, 0, 0) −1
{P2} − 3(1, 3∗)(0, −2, 0, 0, 0, 0, 0, 0) +1
Table 18: The chiral fermion spectrum of the 8-stack three generation N=1 MSSM on top
of the table, in addition to three NR’s and three pairs of Hu, Hd chiral matter. The model is
non-supersymmetric but the MSSM matter is N=1 supersymmetric. Notice the presence of
extra non-susy Higgsinos Hkd , k=3, .., 10.
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• Quark, lepton and extra matter masses:
The first Yukawa term Y(N=1 SM) in (7.4) generates mass terms for all SM matter
but the up-quarks, where we have identify the right neutrinos with the singlets S2. In
the present models since a perturbative mass term the up-quarks is not allowed, it is
interesting to engage in a short description of the phenomenology of these models. The
H˜u, H˜
2
d Higgses - play the role of the corresponding two Higgs doublets in the MSSM
- couple to the SM matter at tree level. The neutrinos get also a tree level mass from
a Yukawa term in (7.5) as we have identify NR ≡ S2. If for example we had identify
NR with e.g. S0, the only mass term allowed for the neutrinos would have been the
dimension eight operators that represent (α′)2 corrections coming from the exchange
of massive string states
mν ∝ 1
M4s
LNR〈QLdcL〉〈(S˜2〉)2 . (7.9)
For values of the d-quark chiral condensate 〈dRdL〉 ∝ (200 MeV )3 and values of the
mν ∝ < dRdL >
M2
(7.10)
string scale Ms ∝ 1 − 10 TeV neutrino masses of order 0.1 - 10 eV’s, consistent
with neutrino oscillation experiments are obtained. Similar terms to (7.9), that pro-
vide masses to neutrinos, appear in the context of 4D IIA toroidal orientifold 5-, 6-
models of [11], [12](see also [10]) to be originating from the dimension six operators
(α′)LNR〈QLucL〉. It appears that if the models had a low scale O(TeV ) there would
be a universality in the use of chiral condensate of QCD of giving masses to neutrinos.
However, in the present models the string scale may not be at the TeV region, as the
branes wrap in all directions; there are no compact directions transverse to all stacks
of branes [17], [18].
• Colour triplets masses and bounds on MXi , Ms
An extended see-saw mass matrix is generated by the mixing - in (7.8) and (7.5) -
between the d-quarks with the triplets Xi. If we neglect
13 the couplings (for simplicity)
by assuming that in (7.8), (7.7) respectively
λXi → 0, i 6= 1; λXmi → 0, λN → 0 (7.11)
the see-saw generates contributions to the scalar potential from the 1st term in (7.5)
and the 1st term in (7.8), namely λdQLd
c
LH˜
2
d +λX1QLX1H˜
1
d giving us mass eigenvalues
13The present mechanism of generating a Dirac mass of the triplets, is identical to the one appearing
in models of the fermionic formulation [47].
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for the quarks (dcL, X1) of order
md = λd〈H˜2d〉, mX1 =
λ2X1
λd
(〈H˜1d〉)2
〈H˜2d〉
(7.12)
In compactifications coming from intersecting branes, the couplings λX1 ∝ exp−AX1 ,
λd ∝ exp−Ad depend on the corresponding worldsheet areas A1, A2 connecting the
intersection points taking part in the Yukawa interaction. Lets us select the maximum
allowed value A1, A2 → 0 , λX1 → 1, λd → 1. Then, as the mass of the “heavy Higgs”
H˜1d , may be at least greater than 126 GeV (the mass of the LHC signal of “lightest
Higgs”) and since λd〈H˜2d〉 = 4.8+0.7−0.3 GeV [55], we derive from (7.12) that the mass of
the exotic heavy triplet X1 should be
14 at least :
colour triplets bound : md = 5.5 MeV, mX1 ≥ 126 GeV ≡ mX1 ≥ 2.89× 106 GeV,
colour triplets bound : md = 5.5 MeV, mX1 ≥ 124 GeV ≡ mX1 ≥ 2.79× 106 GeV,
(7.13)
The latter puts a lower bound on the string scale which is 15
Ms = 126 GeV, Ms ≥ 2.89× 106 GeV ,
Ms = 124 GeV, Ms ≥ 2.74× 106 GeV . (7.14)
In principle, this bound can be made weaker if we allow for the exponentials in the
Yukawa’s, to take non-zero values. However, in this case, we may enter the area of
105 GeV = 102 TeV in which it has been argued [40] that it is possible for flavour
changing neutral current to appear in non-supersymmetric models from intersecting
branes. At this stage of our understanding, it looks that the choice of maximum area
is picked up only on anthropic principles. The value of new “heavy quark” MX1 mass is
well within the bounds predicted by ATLAS, where the search for a quark through the
decay X1 → Zb excludes the new heavy down quark X1 for masses below 725 GeV [19].
• higgsinos & P1, P2, Q1, Q2 masses
The first term in (7.6) is the usual Dirac term for the Higgsinos. The second term
is a mixing term between the lepton L and the Higgsino Hu generating mixing while
the rest of the terms Dirac mass terms for the rest of Higgsinos. Mass terms for the
fields P1, P2 are given by the terms (respectively) :
(P1)
2(H˜u)
2(S˜1)
2(S˜2)
2
M6s
,
(P2)
2(H˜3d)
2(H˜4d)
2
M3s
, (7.15)
14The current experimental limit in the appearance of a heavy quark is 100.8 GeV [55].
15We are using the ± experimental errors in the mass of the d-quark. A value of Ms ≥ 3.53× 106
Gev is obtained if we use the central value md = 4.5 MeV for 〈H˜2d〉 = 126 GeV.
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where S˜1, S˜2 the scalar tachyonic superpartners of S1, S2 gauge fermion singlets. Apart
from the u-quark for which there is no obvious perrurbative mass term, we also find
that there are no mass terms for the Q1, Q2.
7.2 A second example of a non-susy model that accommo-
dates the MSSM-matter using N=1 susy preserving D6-
branes
An alternative example of a Standard-like model is obtained by changing the identifi-
cation of fields that appear in table (18). For this purpose we identify the lepton field
as L ≡ H3d . In table (19), we list the chiral structure of the N=0 models. We have not
included the Si, Xi, Qi, Pi fields as they are the same as the ones appearing in table
(18). Yukawa couplings for the quarks, leptons and the Xi’s are given by
Matter Massive (SU(3)× SU(2))(Qa,Qb,Qa1,Qc1,Qc2,Qc3,Qc4,Qc5) U(1)Y
{QL} + 3(3∗, 2∗)(−1, −1, 0, 0, 0, 0, 0, 0) 1/6
{ucL} − 3(3, 1)(2, 0, 0, 0, 0, 0, 0, 0) −2/3
{dcL} + 3(3, 1)(1, 0, 0, −1, 0, 0, 0, 0) 1/3
{Hu} + 3(1, 2∗)(0, −1, −1, 0, 0, 0, 0, 0) 1/2
{H2d} + 3(1, 2)(0, 1, 0, 1, 0, 0, 0, 0) −1/2
{e+L} + 3(1, 1)(0, −2, 0, 0, 0, 0, 0, 0) 1
{H3d ≡ L} + 3(1, 2)(0, 1, 0, 0, −1, 0, 0, 0) −1/2
{S2 ≡ NR} + 3(1, 1)(0, 0, 1, 1, 0, 0, 0, 0) 0
{H1d} + 3(1, 2)(0, 1, 0, −1, 0, 0, 0, 0) −1/2
{H4d} + 3(1, 2)(0, 1, 0, 0, 1, 0, 0, 0) −1/2
{H5d} + 3(1, 2)(0, 1, 0, 0, 0, −1, 0, 0) −1/2
{H6d} + 3(1, 2)(0, 1, 0, 0, 0, 1, 0, 0) −1/2
{H7d} + 3(1, 2)(0, 1, 0, 0, 0, 0, −1, 0) −1/2
{H8d} + 3(1, 2)(0, 1, 0, 0, 0, 0, 1, 0) −1/2
{H9d} + 3(1, 2)(0, 1, 0, 0, 0, 0, 0, −1) −1/2
{H10d } + 3(1, 2)(0, 1, 0, 0, 0, 0, 0, 1) −1/2
Table 19: A non-supersymmetric SM-like model with the three generation N=1 SM fermion
spectrum on top of the table, where only the 1 pair of exotics, namely Qi, remain massless
(as also ucL does). Also present the Xi, Si, Qi, Pi fermions seen in table (18).
Y˜ = Y˜(N=1 SM) + Y˜µ + Y˜X0 + Y˜Xi , (7.16)
where
Y˜N=1 SM = λdQLd
c
LH˜
2
d + λeLe
+
LH˜
4
u + λν
LNRH˜uS˜oS˜1S˜4
M3s
(7.17)
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Y˜µ = Yµ, Y˜Xo = YXo , Y˜Xi = YXi , (7.18)
As in the models of the previous section, the non-chiral fields Qi & u
c
L remain massless.
Other N=0 SM-like models can be obtained from the one’s in table (18) by changing the
assignment of right handed neutrinos to any of the singlets Si and/or the identification
of leptons with any of the fields H id.
8 IIA Z3 × Z3 orientifolds on the ABB lattice
• Spectrum rules
For the calculations on the ABB lattice in this section, we may use a different
lattice basis that the one used in the rest of this work. We are using the A, B lattices
found in the Appendix of [8] and in [6], where a general D6a-brane is determined by
three pairs of wrapping numbers (na,ma) along the fundamental cycles (organized into
orbits) with complex structure in each (T 2)a-torus a=1,2,3, defined as UA =
1
2
+ i
√
3
2
,
UB =
1
2
+ i 1
2
√
3
. A generic D6a-brane is determined by three pairs of wrapping numbers
(na,ma) along the fundamental cycles of each T
2,
eA1 = e
B
1 = R, e
A
2 =
R
2
+ i
√
3R
2
, eB2 =
R
2
+ i
R
2
√
3
. (8.1)
The massless spectrum is given in terms of the effective wrappings (Z˜a, Y˜a). The RR
tadpoles, the cancellation of RR charge in homology, are found to be
∑
a
NaZ˜a = 12, (8.2)
Z˜a = 6n
1
an
2
an
3
a + 3(n
1
an
2
am
3
a + n
1
am
2
an
3
a +m
1
an
2
an
3
a) +m
2
am
3
an
1
a −m1am2am3a (8.3)
or
Z˜a = 6n
1
an
2
an
3
a + 3(n
1
an
2
am
3
a) +m
2
am
3
an
1
a −m1am2am3a , (8.4)
where by underline we mean all possible permutations of indices and
Y˜a = 3n
1
an
2
an
3
a + n
1
an
2
am
3
a + n
1
am
2
an
3
a −m1an2am3a −m1am2an3a −m1am2am3a . (8.5)
Table (20) contains the usual left handed bifundamental fields (Na, N¯b), (Na, Nb), as
well as antisymmetric and symmetric representations of chiral open strings stretching
between D6-branes and its nine images ΩRΘkωl. Also present are massless adjoint,
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Representation Multiplicity
L = AL
1
2 (Iaa′ + Ia,O6) =
3
2 (Za − 2Ya)(Za + 3)
L = SL
1
2 (Iaa′ − Ia,O6) = 32 (Za − 2Ya)(Za − 3)
(Na, N¯b)L Iab = 3(ZaYb − YaZb)
(Na, Nb)L Iab′ = 3(ZaZb − ZaYb − YaZb)
Table 20: The massless open string spectrum in four dimensions (ABB lattice).
non-chiral, matter created by open strings stretching between the D6-branes and its
Θkωl image branes as follows :
(Adj)L : [(m
1)2a + (n
1)2a + (m
1)a(n
1)a][(m
2
am
3
a)
2 + 3m2a(m
3
a)
2n2 + 3(m3a)
2(n2a)
2 +
3(m2a)
2m3an
3
a + 3(m
2
a)
2(n3a)
2 + 9m2am
3
an
2
an
3
a + 9m
3
a(n
2
a)
2n3a + 9m
2
an
2
a(n
3
a)
2 + 9(n2a)
2(n3a)
2]
(8.6)
Adjoint matter is N=1 supersymmetric as the Z3 × Z3 rotations preserve N=1 super-
symmetry.
• Anomaly cancellation
The cancellation of cubic non-abelian gauge anomaly is proportional to
∑
b 6=a
(NbZaZb−2NbNbZbYa)+(Na−4)(Za−2Ya)(Za+3)+(Na+4)(Za−2Ya)(Za−3) (8.7)
The anomaly is cancelled through the use of tadpole condition (8.2). The mixed non-
abelian U(1) - SU(Nb)
2 anomalies may read
Amixed =
Na
2
(Iab + Iab′) =
Na(Z˜a − 2Y˜a)Z˜b
2
(8.8)
In order to cancel these anomalies one has to make use of a generalized Green-
Schwarz mechanism (GSM) as suggested in [5], [10]. The GSM application in the case
of of our Z3 × Z3 orientifolds reads
∑
a
Na(Mo − (ΩR)Mo)
∫
M4
B02 ∧ Fa ; (Ko + (ΩR)Ko)
∫
M4C
0 ∧ Fb ∧ Fb∑
a
Na(No − (ΩR)No)
∫
M4
BI2 ∧ Fa ; (Lo + (ΩR)Lo)I
∫
M4C
I ∧ Fb ∧ Fb. (8.9)
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Mo =
∑
orbits
m1am
2
am
3
a, Ko =
∑
orbits
n1bn
2
bn
3
b
No =
∑
orbits
nJan
K
a m
I
a Lo =
∑
orbits
nIbm
J
bm
K
b (8.10)
(Mo − (ΩR)Mo) = −18(Z˜a − 2Y˜a), (Ko + (ΩR)Ko) = −3Z˜b,
(No − (ΩR)No)1 = −3(Z˜a − 2Y˜a), (Lo + (ΩR)Lo)1 = −9Z˜b,
(No − (ΩR)No)2 = 0, (Lo + (ΩR)Lo)2 = −3Z˜b,
(No − (ΩR)No)3 = 0, (Lo + (ΩR)Lo)3 = −3Z˜b (8.11)
It is obvious, that the couplings (8.9) have the right form to cancel the anomaly
(8.8).
• Model Building on the ABB lattice
The choise of wrappings
(Z, Y )a = (3, 1), (Z, Y )b = (1, 0), (Z, Y )c = (1, 1), (8.12)
satisfies the RR tadpoles (8.2). The associated non-susy chiral spectrum is seen on
table (21).
9 SPLIT SUPERSYMMETRY & D6-brane models
with sin2(θ) = 38
String Theory Intersecting D-brane models (STIB) is the natural arena for the realiza-
tion of ideas on the existence of split supersymmetry (SS) [50,51,69] in particle physics.
The SS claim [50] relies on a number of assumptions that demand :
(a) that the particle spectrum of the SM remain massless to low energies
(b) that the SM spartners become massive with a mass of the order of the supersym-
metry breaking scale
(c) the gauge couplings unify at a scale near 1016 GeV
(d) there are light gauginos in the presence of gravity [Note that condition should be
modified in STIBs as gauginos get a mass of order Ms.]
(e) there are light higgsinos in the presence of gravity and thus might be seen experi-
mentally
(f) the assumption of the existence of a heavy and a light Higgs set of doublets present
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Matter (SU(3)× SU(2))(Qa,Qb,Qc) U(1)Y
{6Q¯L} 3(3¯, 2, 1)(−1, 1, 0) −1/6
{3QL} 6(3, 2, 1)(1, 1, 0) 1/6
{6X1 + 3dcL} 9(3, 1, 1)(2, 0, 0) 1/3
{6X2} 6(3, 1, 1)(1, 0, −1) −1/3
{3uLc } 3(3¯, 1, 1)(−1, 0, −1) −2/3
{3L} 3(1, 2, 1)(0, 1, −1) −1/2
{3S1 + 3NR} 6(1, 1, 1)(0, 2, 0) 0
{3S2} 3(1, 3¯, 1)(0, −2, 0) 0
{ecR} 3(1, 1, 1)(0, 0, 2) 1
Table 21: A three generation non-supersymmetric chiral (open string) spectrum accommo-
dating the MSSM fermionic matter. The hypercharge is U(1)Y = 13Fa +
1
2Fc.
in the spectrum that form two chiral supermultiplets. In this section we will present
models that can some times fully satisfy conditions (a), (b), (c) (d), (e).
We also note that condition (f), the existence of a Higgs light was assumed in [50]
that it may be a result of a fine tuning mechanism. In models that may come from
intersecting branes supersymmetric Higgs sets may appear naturally. The present D-
brane models have not a supersymmetric Higgs sector. However, the Higgs system can
be understood as part for the massive spectrum that organizes itself in terms of massive
N=2 hypermultiplets. The Higgs fields become subsequently tachyonic in order to
participate in electroweak symmetry breaking [see also similar considerations [10–13]].
Conditions (a), (b), (c), (d) can be naturally obtained - in intersecting brane worlds
- and in the current models. The (e), (f) conditions are harder to be obtained and may
be examined in a case by case basis. Also condition (c) for a particle physics model
that includes gravity - as STIBs - means that the string scale should be high and at
least 1016 GeV. Condition (a) can be naturally satisfied in STIBS and there are a lot of
models exhibiting only the SM spectrum at low energies. These models accommodate
the SM spectrum and can be either belong to an overall non-supersymmetric model
or to an overall N=1 supersymmetric model. The first case involves three generation
models with supersymmetry broken at the string scale as it has been exhibited in the
toroidal orientifolds in [10–13] and in the previous sections as superpartners of the SM
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are being massive and of the order of the string scale. It is also possible to construct
non-supersymmetric constructions that localize locally the N=1 supersymmetric SM
spectrum and such models have been constructed in [25], [26], [20]. In particular in [26]
we generalized the four stack constructions of [25] by also including a non-zero B-field
flux in the models[also extending these models to their maximal extensions with gauge
groups made of five and six stacks of D6-branes at the string scale]. This makes the
torus tilted and allows for more general solutions in the RR tadpoles as well changing
the number of N=1 Higgs supermultiplets present in the spectrum. In the four stack
models constructed in [25,26] it has been shown [52] that it is possible to accommodate
the successful prediction of supersymmetric SU(5) GUTS with sin2(θ) = 3/8 at a string
scale which coincides with the unification scale of 2 · 1016 GeV, and all gauge coupling
constants unified at 1016 GeV. Hence condition (c) is also satisfied in IBs and obviously
all the D-brane models appearing in [25], [26] could form realistic D-brane split susy
models as RR tadpoles has been shown to be consistently implemented in [20]and in
the present work. Next, we will also show that it is also possible - in the framework
of the present Z3 × Z3 orientifolds - to easily build models which satisfy conditions
(a),(b),(c),(d); some models may also satisfy partially or fully the condition (e).
9.1 1st example : Split Susy (SM + νR + Higgsinos) models:
“massive Gauginos” & “light Higgsinos” & sin2θW (MS) =
3
8
In this section we will construct a deformation of the SM’s appeared in section (3.1)
and table (1) where (a), (b), (c), (d), (e) conditions of split susy are satisfied. These
models have the initial gauge group U(3) × U(2) × U(1) with supersymmetry broken
at Ms and at low energy the gauge group becomes identical to the SM. The massless
fermion spectrum contains the MSSM fermion matter and is given in table (22). RR
tadpoles are satisfied by the choices Na = 3, Nb = 2, Nc = 1 and
(Za, Ya) =
(
1, 1
)
, (Zb, Yb) =
(
1, 1
)
, (Zc, Yc) =
(
−1, 1
)
. (9.1)
At the top of the table (22) we see the massless fermion spectrum of the N=1 SM
whose corresponding superpartners are part of the massive spectrum and appear in the
intersection of each corresponding fermion; hence condition (b) is satisfied. In order to
show that at low energy only the SM remains [condition (a)]; the extra beyond the SM
fermion matter and all U(1) gauge fields originally present at the string scale should
become massive but the hypercharge. Hence Higginos and the exotics Ci receive non-
zero masses. The Yukawa couplings (9.2) provide masses to d,e and a Dirac term for
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Matter Intersection (SU(3)× SU(2))(Qa,Qb,Qc) U(1)Y
{QL} ab∗ 3(3, 2)(−1, −1, 0) 1/6
{ucL} Aa 3(3, 1)(−2, 0, 0) −2/3
{dcL} ac 3(3, 1)(1, 0, −1) 1/3
{ L} bc 3(1, 2)(0, 1, −1) −1/2
{ Hd} bc 3(1, 2)(0, 1, −1) −1/2
{Hu} bc∗ 3(1, 2¯)(0, −1, −1) 1/2
{e+L} Ab 3(1, 1)(0, −2, 0) 1
{NR} Sc 9(1, 1)(0, 0, 2) 0
{C1} ac 3(3, 1)(1, 0, −1) 1/3
{C2} ac∗ 3(3¯, 1)(−1, 0, −1) −1/3
Table 22: A three generation 4D non-supersymmetric model with the chiral content of N=1
MSSM on top of the table, in addition to NR’s. There are three pairs of Hu, Hd Higgsinos.
This model mimics models coming from gauge mediation scenarios and possess sin2θ = 3/8
at Ms.
neutrinos
λd(QL)(−1,−1,0)(d
c
L)(1,0,−1)〈H˜d〉 + λνLNR〈H˜u〉 +
λe
Ms
LecL〈H˜d〉+(λHHuHd+λCC1C2)〈N˜R〉
(9.2)
via the previously massive tachyonic superpartners H˜u, H˜d of Higgsinos Hu, Hd as in
eq. (3.4). We also note that the Higgs fields have the quantum numbers
H˜u = (1, 2, 1)(0,−1,−1), H˜d = (1, 2, 1)(0,1,1) . (9.3)
The pair of non-chiral colour triplets could get massive by their Yukawa coupling to the
tachyonic spartner of NR, 〈N˜R〉 (by choosing λC ∼ e−AC , AC → 0) of order Ms. The
Higgsinos [condition (e)] Hu, Hd, form a Dirac mass term from the Yukawa coupling
λHHuHd〈N˜R〉, λH ∼ e−Ahig , (9.4)
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where N˜R is the scalar tachyonic superpartner of NR. The vev of N˜R is of the order of
the string scale when Ahig → 0. Due to nature of the Yukawa coupling term [see also
eqn. (3.7)] in (9.4) the Higgsino mass can be anywhere between the string scale and
the scale of electroweak symmetry breaking,
100 GeV < m(Higgino pair) ≤Ms , (9.5)
which requires the areas to be Amin ∼ 34, Amax = 0 for the lower and upper limits
of (9.5). Lets us discuss the U(1) structure. One U(1) gauge field becomes massive
through its BF couplings, namely −3Fa − 2Fb − 3Fc, while from the extra U(1)’s that
survive massless the GS mechanism; one combination of U(1)’s is the hypercharge while
the third U(1)add gets broken by the vev of N˜R.
U(1)Y =
1
3
Fa − 1
2
Fb, U(1)
add = Fa + (2/3)Fb − (13/9)Fc . (9.6)
As the present Z3×Z3 orientifolds involve D6-branes the gauge coupling constants are
controlled by the length of the corresponding cycles that the D6-branes wrap
1
αa
= ||li|| , (9.7)
where ||li|| is the length of the corresponding cycle for the i-th set of brane stacks. The
canonically normalized U(1)’s as well the normalization of the abelian generators are
given by
U˜(1)a =
Fa√
2Na
, T r(TaTb) =
1
2
δab (9.8)
The hypercharge is given 16 as a linear combination Y (1)Y =
∑
i ciFi; hence in the
present models the value of the weak angle is computed to be
sin2 θW =
1
1 + 4c22 + 6c
2
3(α2/α3)
. (9.9)
Taking into account that in the present 17 models α2 = α3, the gauge couplings unify
at Ms, we get
sin2 θW
Ms=
3
8
. (9.10)
Gauginos are massless at tree level in the present intersecting brane models and appear
in the four dimensional N=4 SYM spectrum that get localized from strings having both
ends on the same set of D6-branes. A mechanism for generating gaugino masses in
intersecting branes - due to quantum corrections - have been put forward in [10] where
16we used the conventions used in [46]
17The (Zi, Yi) , i = a, b and subsequently (ni,mi) are identical.
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non-supersymmetric toroidal orientifold models are discussed [10–13]. According to
this result [10], as gauginos are massless at tree level, loop corrections to gauginos
proceed via massive fermions running in the loops. The order of gaugino masses is of
the order of the supersymmetry breaking scale, the string scale. The same mechanism
may persist in the present models. A comment is in order. The spectrum of table (22)
is invariant under the exchanges C1 ↔ dcL, L↔ Hd.
The D6-brane non-susy MSSM-like quiver configuration of table (22) have been
simultaneously suggested in [67] (without the triplets) in a local model context, as
a string theory realization of split supersymmetry (see note added in the end of this
work). For further studies of spit supersymmetry see [51,69].
9.2 2nd example : Split Susy (SM + νR) models: “massive”
Gauginos, “massive Higgsinos”, sin2θW (Ms) = 3/8
In this section, we will present models that satisfy (a),(b), (c), (d) conditions of split
susy. These models are build from three stacks of intersecting D6-branes at the string
scale; a variant of the models considered in section (4.1). The satisfaction of the RR
tadpoles (2.2) proceeds via the choice
Na = 3, Nb = 2, Nc = 1 (9.11)
and with the choice of effective wrappings
(Za, Ya) =
(
1, 0
)
, (Zb, Yb) =
(
1, 0
)
, (Zc, Yc) =
(
−1, 0
)
(9.12)
The SM fermion spectrum with three quark and lepton families is seen in table (23).
There is one anomalous U(1) which becomes massive
U(1)massive = 3Fa + 2Fb − 2Fc (9.13)
and two anomaly free U(1)’s. One of them which can be identified
U(1)ex = 3Fa + 2Fb − 13
2
Fc (9.14)
becomes massive by the vev of the tachyonic scalar superpartner of the right handed
neutrino, leaving only the hypercharge massless to low energies
U(1)Y = −1
3
Fa +
1
2
Fb . (9.15)
Light Higgsinos are not present in the models considered in this section as they
are part of the massive spectrum with a mass of the order of the string scale ( having
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Matter (SU(3)× SU(2))(Qa,Qb,Qc) U(1)Y
{QL} 3(3, 2)(1, 1, 0) 1/6
{ucL} 3(3¯, 1)(2, 0, 0) −2/3
{dcL} 3(3, 1)(−1, 0, 1) 1/3
{L} 3(1, 2)(0, −1, −1) −1/2
{e+L} 3(1, 1)(0, −2, 0) 1
{NR} 3(1, 1)(0, 0, 2) 0
Table 23: A three generation chiral (open string) spectrum accommodating the SM. The
required Higgs may come from bifundamental N=2 hypermultiplets in the N=2 bc, bc? sectors
[10–12] that may trigger brane recombination.
chosen A = 0; see (9.5)); in general massive with a mass above the electroweak scale.
Gauginos are expected to receive string scale masses. The strong and weak gauge
couplings also unify as here also a2 = a3 and sin
2(MGUT ) = 3/8.
10 Non-supersymmetric gauge unification for in-
tersecting brane split susy models
Gauge unification for supersymmetric intersecting brane models has been examined
in [52]. The evolution of the one loop renormalization group equations (ERGE) for the
SU(3)c, SU(2)w, U(1)Y gauge couplings in the absence of one-loop string threshold
corrections (see [35] and also [36]), a2(MZ) = aemsin
2θ(MZ), is given by
1
as(Mz)
=
1
as(Ms)
− b3
2pi
ln
(
MZ
Ms
)
,
sin2θw(MZ)
aem(MZ)
=
1
aw(Ms)
− b2
2pi
ln
(
MZ
Ms
)
,
cos2θw(MZ)
aem(MZ)
=
1
aY (Ms)
− b1
2pi
ln
(
MZ
Ms
)
, (10.1)
2
3
1
αs(MZ)
+
2sin2θw(MZ)− 1
αem(MZ)
=
B
2pi
ln
MZ
Ms
, (10.2)
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and B = −(2
3
b3 + b2 − bY ); b3, b2, b1 are the β-function coefficients for strong, weak
and hypercharge gauge couplings. For a theory which accommodates the SM and a
number of extra particles below a scale Ms
(b1, b2, b3) = (
20
9
nG +
1
6
nH +N1,
4
3
nG +
1
6
nH +N2 − 22
3
,
4
3
nG − 11 +N3), (10.3)
where N1, N2, N3 the contribution of the beyond the SM particles; the rest of the terms
in (10.3) are the Standard model contributions; nG the number of generations; nH
the number of Higgses. Lets us now examine gauge coupling unification using the
MSSM-matter like models of table (22) as a representative example. They are non-
supersymmetric but they respect sin2(θW ) = 3/8 at the unification scale, as a2 = a3.
This implies that at the unification scale where the gauge couplings SU(2)w, SU(3)c
meet, we have the standard SU(5) relation
(5/3)aY = as = aw = a2 = a3 (10.4)
This relation ‘solves’ the following eqn.
1
aY
=
2
3
1
a2
+
1
aw
. (10.5)
Remember that in traditional GUTS one has to normalize under SU(5) the RG equa-
tions, to achieve unification. On the contrary, take a a representative example the
models of table (22), supersymmetry is already broken at the string scale and the
theory is non-supersymmetric all along to low energies of electroweak order. The full
massless spectrum of the model contains, the usual SM and nine right handed neutrinos
(all with the same U(1) charges), in addition to three 18 pairs of Hu, Hd higgsinos &
gauginos & three vector pairs of exotic SU(3) triplets in addition to two N=1 adjoint
19 hypermultiplets [see eqn. (2.9)]; one particle in the adjoint of SU(3) (an octet) and
one in the adjoint of SU(2)(a triplet). We are using the central values [54]
Mz = 91.1876 GeV, αem(Mz)
−1 = 127.916
α3(Mz) = 0.1184, sin
2(θZ) = 0.23113 . (10.6)
Depending on the scale at which, matter becomes massive and decouples from the
Wilsonian effective action, we can envisage different unification scenarios. In all cases,
the gauginos receive [10] a typical mass of the order of the string scale 20 and there will
18Models with (multiplicity) 3 pairs of up, down higgsinos have also appeared in section 4.1 in the
non-susy 4D models of [53], in the context of Z3 IIB orientifold compactifications.
19Easily reproduced by the wrappings for the solution (Za, Ya) = (Zb, Yb) = (1, 1) at table (2).
20See also [58] for a recent discussion.
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be no contribution to (10.3) in all scenarios.
• • 1st scenario : Non-susy string models with only the SM & three pairs
of Higgses at low energies
1st variant nH = 6
In this scenario the higgsinos & vector triplets receive string scale masses from
Yukawa’s in eq. (9.2). Let us also suppose, for the purposes of this section, that the
adjoint matter receives string scale masses by some yet unknown mechanism. Then
below Ms and substituting nG = 3, nH = 6 in eqn’s (10.3)
(b1, b2, b3) = (
23
3
,−7
3
,−7), B = 44
3
, a2(Ms) = a3(Ms) ≈ 0.025 . (10.7)
The values of a2, a3 agree
21 up to an error of 2.68 % as a result of using the experimental
values of (10.6) in the RG eqn’s (10.1). Plugging them in (10.2), we find that the gauge
couplings unify at the scale
Ms = 5.03385 · 1013 GeV ≈ 5.03 · 1013 GeV ;B = 44
3
(10.8)
as can be seen in figure (3).
2nd variant nH = 1 or 3
Suppose now that only one Higgs survives at low energy (as in the SM). In this
case we get the usual SM contributions
nH = 1, (b1, b2, b3) = (
41
6
,−19
6
,−7), (10.9)
and B = 44
3
as before and a2, a3 agree up to an error 12.2 %; a2 = a3 ≈ 0.023.
As the unification scale depends on experimental data (10.6) and B, the value of the
unification scale is the same as in (10.8). Notice that it is unlikely that only one Higgs
could survive massless to low energy in the present models as the Higgses appear at a
single intersection with multiplicity three (3). However, this is not the case within the
SM-like non-sypersymmetric models of [11], [12], [10] based on toroidal IIA orientifolds,
where the number of Higgses at low energy can be one. If the minimal number of
Higgses at an intersection which survives to low energies, as in split supersymmetry
models of table (22) this translates 22 to
nH = 3, (b1, b2, b3) = (
43
6
,−17
6
,−7), B = 44
3
(10.10)
21We find a2 = 0.0252274.., a3 = 0.0259045...
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Figure 3: 1st scenario : One loop gauge running of the couplings a−1 as a function of
Log10(E/GeV ) for the non-susy MSSM model of table (22) at Ms ≈ 5.03× 1013 GeV.
The head of the arrow indicates the unification point. The spectrum includes the SM
& 3 pairs of Higgses at low energy. The unification point does not change if the higgses
become one or three.
and a2 = a3 = 0.023 agree up to 8.3 %. Thus with
SM & #higgs = 1, 3, 6 =⇒ Ms = 5.03× 1013 GeV . (10.11)
Thus “in non-supersymmetric models coming from intersecting branes, if the SM sur-
vives at low energy below the string scale and the number of higgses is one, three or six,
then always the unification scale of the strong and weak coupling occurs at the same
point Ms = 5.03 × 1013 GeV (since the difference −b2 + b1 is in all cases equal to the
constant 10 and B = 44/3).
• • 2nd scenario : Non-susy string models with only the SM & three pairs
of Higgses & minimal adjoint matter at low energies
In this case, we imagine a scenario where the extra triplets C1, C2 receive a mass of
the order of the string scale from the vev of νR’s and the Higgsinos receive a Dirac mass
term (assuming that it is of order Ms) as in (9.2). As a consequence, at low energies
only the SM and three pairs of Higgses survive. The models also accommodate the
non-chiral adjoint matter which preserves N=1 supersymmetry; one adjoint fermion
from SU(3) and another one in the adjoint of SU(2) (2.10). The β-functions become
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Figure 4: 2nd scenario : Unification in the non-susy model of table (22). The spectrum
includes SM & 3 pairs of Higgses & adjoint fermions (one SU(3) adj + one SU(2) adj).
Ms ∼ 1.43 · 1017 GeV.
.
(b1, b2, b3) = (
20
3
+ 2,−7
3
+ 2,−7 + 2) = (23
3
,−1
3
,−5). Then using (10.6) in (10.2)
a3 = a2 ≈ 0.022, B = 34
3
(10.12)
The values of a2, a3 agree up to an error of 4.35 % as a result of using the experimental
values of (10.6) in the RG eqn’s (10.1). We find
Ms = 1.43027 · 1017 GeV ≈ 1.43× 1017 GeV . (10.13)
The gauge couplings a3, a2 unify at the scale Ms as seen in figure (4).
• • 3rd scenario : Non-susy string models with only the SM & Higgses &
adjoint matter & 3 pairs of Higgsinos at low energies
If Higgsinos receive the suppressed mass (9.5) and survive to the electroweak scale
then in addition to the matter of the 1st scenario, we may add the three pair of
Higgsinos contribution. Then (b1, b2, b3) = (
29
3
,−1
3
+ 2,−7 + 2); +2 the contribution
from the N=1 adjoint matter. As B = 34
3
the unification scale does not change and is
equal to (10.13).
• • 4th scenario : Non-susy string models with only the SM & Higgsinos &
3 pairs of Higgses at low energy
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Suppose that in the 3rd scenario, the adjoint matter is getting massive by an unknown
mechanism. In this case we can neglect the contribution +2 of the adjoint matter, thus
getting (b1, b2, b3) = (
29
3
,−1
3
,−7); B = 44/3. Unification occurs at the scale given in
(10.8) as the value of B is the same in the 1st scenario.
The 2nd & 3rd scenarios appear to be the most natural from the physical point of
view, since the high scale of unification, keeps the proton stable.
11 Conclusions and outlook
In this work, we have presented the systematic construction of the first four dimen-
sional three family non-supersymmetric MSSM-like models that contain models which
possess the spectrum of the MSSM fermions. The models explore the details of the
construction presented in [8], where mostly GUT theories were described and where
model constructions are described in terms of the “effective” wrappings (Z, Y ). The
Higgs scalars are coming from previously massive bosons that become tachyonic during
electroweak symmetry breaking [10–12]. The intersection numbers that describe the
number of particles at an intersection is always a multiple of three by construction.
The gauge group of the models is exactly SU(3)c×SU(2)w ×U(1)Y . Any extra gauge
group factors beyond the SM one, always are broken by available gauge singlets. In its
minimal construction, the particle content is made from the usual chiral SM matter
and pairs of up, down higgsinos. Right handed neutrinos always appear, as always
happens, at intersecting brane constructions. Previous non-susy string models like the
ones in toroidal orientifolds [10–12], have the baryon number a global gauged symme-
try valid to low energies and thus proton was stable (see also [20]). In this respect,
we examined gauge coupling unification in the simplest MSSM-like model made from
3-stacks of intersecting D6 branes, where the MSSM fermions live together with two
N=1 SUSY adjoint multiplets, an octet of SU(3)c and a 3-plet of SU(2)W . The most
appealing scenario has a unification scale ∼ 1017 GeV, thus safeguarding the proton and
avoiding dimension six operators [22]. It supports the existence of either the MSSM
matter accompanied by adjoint matter up to Ms or supermassive higgsinos (∼ Ms)
and surviving to low energies SM matter and light adjoints. Always, there are 3 pairs
of higgses H˜u, H˜d present.
• Proton decay
The models are safe against proton decay. Take as an example the split susy models of
table (22). The dimension six baryon number violating couplings [64] QLQLQLL and
ucLu
c
Ld
c
Le
+
L are not allowed in perturbation theory by charge conservation. They could
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be in principle generated by an M-instanton [48] with wrappings (X,Y) for which obeys
IMa − IMa? = −1, IMb − IMb? = −1, IMc − IMc? = −1, (11.1)
For the a-, b- branes this requires that either 3(X − Y ) = 0, 3Y = 1 or 3(X − Y ) =
−1, X = Y conditions are satisfied. However there is no such soultion as X, Y take
integer values.
We started our investigation for the construction of three generation N=0 string
models by starting with the simplest construction that could accommodate the Stan-
dard Model gauge group that is using three stacks. At 3- /5-stacks we found N=0
supersymmetric vacua with the chiral fermion spectrum of the N=1 MSSM, with 3
species of right handed neutrinos and 3 pairs of chiral fermions Hu, Hd that play the
role of the MSSM Higgsinos. These models break to only the SM at low energy. In
all constructions, symmetric/antisymmetric representations are present, and always
the up-quark is massless at tree level; its mass may come through instanton correc-
tions [48], [49], [28].
• K-theory constraints
The K-theory constraints, seen also as calculating the global gauge anomaly using a
D-brane probe [62], are related to the existence of the SU(2) global gauge anomaly
when there is an odd number of D=4 fermions charged in the fundamental represen-
tation [63]. As in all of our models there is an even number of fermion doublets the
models are K-theory anomaly free.
• Split Supersymmetry Models
Models considered in the last sections of our work, show us that in intersecting brane
worlds it would be possible to construct models with the characteristics of split su-
persymmetry that not only can drive us to a successful prediction sin2θ = 3/8 of
the SU(5) GUT value for the Weinberg angle at the unification/sting scale Ms but
also incorporate light Higgsinos and string (GUT) scale gauginos. We found models
[table (22)] that the spectrum is minimal as it has only the SM and the higgsinos
surviving massless below the string scale (with three pairs of Higgses and three right
handed neutrinos) . This is promising against other constructions (even the existing
N=1 one’s) where either the SM appears with incomplete spectrum or a lot of chiral
massless matter remaining to low energies, as it can drives us closer to an exact im-
plementation of split supersymmetry [67] scenario in intersecting D-brane models by
attempting to construct, in the future, models which will be the N=1 supersymmetric
implementation of the present N=0 models, with the underlying N =1 SUSY, sponta-
neously broken to N=0. In this case, important issues related the soft term structures
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and the constraint [56] tanβ = 1, that appears to be consistent with the “existence
of one light Higgs” condition may be examined, as non-supersymmetric string models
from intersecting D6-branes obey it as well [57].
• Dark matter, Gauge hierarchy, Unification
Nevertheless the models of this work they are possess dark matter candidates, since
as suggested in [65] [66] the neutral components of higgsinos in a small mixing with
the binos in models where higgsinos are present [e.g those in table (22)] can serve well
this purpose. Furthermore [65], if there are additional singlet fermions in the the-
ory, with Yukawa couplings to the Higgsino’s and the Higgs then the DM particle can
then be an admixture of the singlet and neutral Higgsino components. The latter case,
could get realized in the 8-stack quasi-supersymmetric (QS) models of table (18) as the
coupling (Hu)(〈H˜d〉)2〈S1〉) exists. In the latter models supersymmetry may be shown
to be broken by a variation [24] of the angles between the branes. QS models with
the split susy properties and proton stability and a gauged baryon number appeared
in [20]. In non-supersymmetric models one expects quadratic loop corrections to the
EW Higgs masses to appear as the low energy manifestation of the gauge hierarchy
problem. Indeed as QW models possess N=1 supersymmetric sectors for particular
choices of wrapping numbers, quadratic Higgs divergences may cancel at one loop [24]
(non-necessarily higher as it is not known). Thus a full solution to the gauge hierarchy
at the weak scale remains an open issue in the QS classes of split non-supersymmetric
models. Finally, it is remarkable that in non-susy models from intersecting brane
worlds, where sin2(Ms) = 3/8, the unification scale remains the same 5.03×1013 when
the number of surviving higgses is one (1), two (2) or three (3).
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Note added
While the revised work of hep-th/0406258v3 was finishing in Nov. 2004 and were be-
ing prepared for submission we noticed [67] that also proposed the existence of split
supersymmetry scenarios in string theory. In fact the local SM brane quiver configu-
ration used in model A of [67] is the one appearing within the global string spectrum
configurations of sections (4.1) and (8.2) of this work. The main bulk of this work,
including the parts 1-7 appeared in hep-th in 29th June 2004. Since then, our classi-
fication MSSM (SM+Higgsinos) stringy quiver structures appearing in tables 1, 3, 9,
have been also used by the authors of [71] in their tables 4, 5, 7 respectively, in order
to discuss instanton generation of missing mass couplings of matter in antisymmet-
ric/symmetric representations in a local model context. Also our three stack MSSM
quiver of table 1 and the four stack MSSM quiver of table 9, have been used in [72] in
their search for model quiver embeddings from Gepner models in sections 4.1, 4.2.6 of
their work respectively. At the present hep-th/0406258v4, we have added new material
in sections 7.1 and added the new sections 8, 10.
12 Appendix A: Wrapping #’s for the minimal MSSM
matter model
Wrappings, subject to the interchanges (4.6), generating the SM’s of table (3) may be
seen in tables (24), (25), (26).
Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (0, 1)× (1, 0)× (0, −1)
{b} (1, 0)× (1, 1)× (−1,−1)
{c} (1, 1)× (1, 1)× (1, 0)
Table 24: Wrapping numbers in the three stack D6-brane N=0 SMs of table (3). These
wrappings come from the change (n,m)a ↔ (n,m)b in the wrappings of table (5).
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Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (0, −1)× (0, 1)× (1, 0)
{b} (−1, −1)× (1, 0)× (1, 1)
{c} (1, 0)× (1, 1)× (1, 1)
Table 25: Wrapping numbers in the three stack N=0 SMs of table (3). These wrappings
come from the change (n,m)a ↔ (n,m)c in the wrappings of table (5).
Brane (n1,m1)× (n2,m2)× (n3,m3)
{a} (1, 0)× (0, −1)× (0, 1)
{b} (1, 1)× (−1, −1)× (1, 0)
{c} (1, 1)× (1, 0)× (1, 1)
Table 26: Wrapping numbers in the three stack SMs of table (3). These wrappings come
from the change (n,m)b ↔ (n,m)c in the wrappings of table (5).
13 Appendix B : Wrapping #’s for 5-stack MSSM-
matter models
In this appendix, we apply the exchanges (4.6) to the wrappings of table (12). The
resulting models have the same spectrum as the N=0 five stack Standard Models of
table (11). These choices of wrappings can be seen in tables (27), (28), (29).
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Brane (n1,m1)(n2,m2)(n3,m3)
{a} (1, 0)(1, 1)(−1, −1)
{b} (0, 1)(1, 0)(0,−1)
{c} (1, 0)(1, 1)(−1, −1)
{d} (1, 0)(1, 1)(1, 1)
{e} (1, 1)(1, 1)(1, 0)
Table 27: Wrapping numbers responsible for the N=0 five stack 4D three generation in-
tersecting D6-brane SMs of table (11). These models are derived from table (12) by the
interchange (n,m)a ↔ (n,m)b.
Brane (n1,m1)(n2,m2)(n3,m3)
{a} (−1, −1)(1, 0)(1, 1)
{b} (0, −1)(0, 1)(1, 0)
{c} (−1, −1)(1, 0)(1, 1)
{d} (1, 1)(1, 0)(1, 1)
{e} (1, 0)(1, 1)(1, 1)
Table 28: Wrapping numbers responsible the N=0 five stack 4D three generation intersecting
D6-brane SMs of table (11). These models are derived from table (12) by the interchange
(n,m)a ↔ (n,m)c.
14 Appendix C: L↔ Hd 5-stack MSSM matter model
• Model C
The spectrum of the new N=0 three generation models appearing in this appendix
is derived from the exchange (6.8) on the five stack models of table (11). The spectrum
can be seen in table (30). The Yukawa couplings for the quarks, leptons are given by
Y(table 30) = λdQLd
c
LH
H
d S
H
5 /Ms + λeLe
+
LH
H
d S
H
5 /Ms + λνLν
c
LH
H
u S
H
5 /Ms +
X1X2(λ
(1)
x S
H
4 S
H
2 + λ
(2)
x S
H
3 S
H
5 )/Ms ,
(14.1)
where the superscript H denotes the tachyonic scalar superpartner of the corresponding
fermion. These models allow for a universal dependence of the masses of all the quarks
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Brane (n1,m1)(n2,m2)(n3,m3)
{a} (1, 1)(−1, −1)(1, 0)
{b} (1, 0)(0, −1)(0, 1)
{c} (1, 1)(−1, −1)(1, 0)
{d} (1, 1)(1, 1)(1, 0)
{e} (1, 1)(1, 0)(1, 1)
Table 29: Wrapping numbers responsible for the N=0 five stack 4D three generation in-
tersecting D6-brane SMs of table (11). These models are derived from table (12) by the
interchange (n,m)b ↔ (n,m)c.
and leptons on the tachyonic Higgs vev of the superpartner of S5. The fermions Hu,
Hd get massive by the following Yukawa terms
HuHd(λ
(1)
µ S
H
3 S
H
1 + λ
(2)
µ S
H
4 S
H
5 )/Ms (14.2)
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Matter for Y1 Y 1 (SU(3)× SU(2))(Qa, Qb, Qc, Qd, Qe)
{QL} 1/6 3(3, 2¯)(−1, 1, 0, 0, 0)
{ucL} −2/3 3(3¯, 1)(−2, 0, 0, 0, 0)
{e+L} 1 3(1, 1)(0, 2, 0, 0, 0)
{dcL} 1/3 3(1, 1)(1, 0, 0, 1, 0)
{Hu} 1/2 3(1, 2)(0, 1, −1, 0, 0)
{Hd} −1/2 3(1, 2)(0, −1, 0, 1, 0)
{L} −1/2 3(1, 2)(0, −1, 0, 0, 1)
{S3 ≡ νcL} 0 3(1, 1)(0, 0, 1, 1, 0)
{S1} 0 3(3, 1)(0, 0, 0, −2, 0)
{S2} 0 3(3, 1)(0, 0, 0, 0, −2)
{S4} 0 3(1, 1)(0, 0, 1, 0, 1)
{S5} 0 6(1, 1)(0, 0, 0, −1, −1)
{X1} −1/3 3(3¯, 1)(−1, 0, −1, 0, 0)
{X2} 1/3 3(3, 1)(1, 0, 0, 0, 1)
Table 30: The three generation N=0 SM chiral spectrum from from five stacks of intersecting
branes with its chiral spectrum with three pairs of Higgsinos. On the top of the table the
chiral structure of N=1 SM with right handed neutrinos. The middle part exhibits the extra
gauge singlets while the bottom part includes the triplet exotics. These models can come
from the models of table (11) by the exchange (6.8).
15 Appendix D: dcL ↔ X2 5-stack MSSM matter
model
• Model D
The spectrum of the new N=0 three generation models appearing in this appendix
is derived from the exchange (6.9) on the five stack models of table (11). It can be
seen in table (31). Yukawa’s for the quarks, leptons, and the Xi triplets are given by
Y(table 31) = λdQLd
c
LH
H
d S
H
2 /Ms + λeLe
+
LH
H
d S
H
5 /Ms + λνLν
c
LH
H
u S
H
1 /Ms +
X1X2(λ
(1)
x S
H
4 S
H
5 + λ
(2)
x S
H
3 S
H
1 )/Ms + HuHd(λ
(1)
µ S
H
4 S
H
2 + λ
(2)
µ S
H
3 S
H
5 )/Ms(15.1)
In fact, if 〈SH5 〉 ≈ 〈SH2 〉 ≈ 〈SH1 〉 ≈ Ms, then the masses of the quarks and lep-
tons depend universally on the scale of the electroweak symmetry breaking, assuming
〈Hu〉 ≈ 〈Hd〉. The “Higgsinos” Hu, Hd, also get a non-zero mass from the last term in
(15.1).
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Matter for Y1 Y 1 (SU(3)× SU(2))(Qa, Qb, Qc, Qd, Qe)
{QL} 1/6 3(3, 2¯)(−1, 1, 0, 0, 0)
{ucL} −2/3 3(3¯, 1)(−2, 0, 0, 0, 0)
{e+L} 1 3(1, 1)(0, 2, 0, 0, 0)
{dcL} 1/3 3(1, 1)(1, 0, 0, 0, 1)
{Hu} 1/2 3(1, 2)(0, 1, −1, 0, 0)
{Hd} −1/2 3(1, 2)(0, −1, 0, 0, 1)
{L} −1/2 3(1, 2)(0, −1, 0, 1, 0)
{S3 ≡ νcL} 0 3(1, 1)(0, 0, 1, 1, 0)
{S1} 0 3(3, 1)(0, 0, 0, −2, 0)
{S2} 0 3(3, 1)(0, 0, 0, 0, −2)
{S4} 0 3(1, 1)(0, 0, 1, 0, 1)
{S5} 0 6(1, 1)(0, 0, 0, −1, −1)
{X1} −1/3 3(3¯, 1)(−1, 0, −1, 0, 0)
{X2} 1/3 3(3, 1)(1, 0, 0, 1, 0)
Table 31: The three generation N=1 SM from from five stacks of intersecting branes with its
chiral spectrum with three pairs of Higgsinos and right neutrinos. On the top of the table the
chiral structure of N=1 SM. The middle part exhibits the gauge singlets while the bottom
part includes the triplet exotics. These models can come from the models of table (11) by
the exchange (6.9).
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